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A. Programa de Control (.vi LABVIEW) 
  
 Aquest annex inclou el panell de control creat per aquesta aplicació, així com 
també les imatges corresponent als diagrames de la programació visual creats que 
permeten el funcionament correcte del VI. L'instrument virtual creat s'anomena 
CAPTURA.VI. 
 
 El panell creat és el següent: 
 
 
Figura A.1.- Panell de control de l'instrument creat. 
 
 Aquest instrument virtual està creat com un seqüència de 4 passos, els quals 
estan associats als blocs del panell de control. Aquests passos s'executen sempre, 
però la part de programa que hi ha en ells no més s'executa quan l'interruptor del 
panell de control es troba en la posició ON. 
 
 El primer pas va associat al bloc de captura del corrent. El programa que 
s'executa quan l'interruptor de captura de corrent es troba en ON és el de la figura A.2 
i en cas contrari no farà res, tal com s'observa a la figura A.3 i passarà al següent pas.
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Figura A.2.- Diagrama del primer pas de la seqüència del programa d'adquisició, en mode de captura de corrent 
 
 
 
 
 
 
 
 
 
Figura A.3.- Diagrama del primer pas de la 
seqüència del programa d'adquisició, quan no 
es selecciona el mode de captura de corrent 
 
 
 
 El segon pas de la seqüència del programa, té un funcionament similar al del 
pas 1. Quan hi ha en ON l'interruptor que activa la captura de períodes, el diagrama de 
la part del programa que s'executa és la de la figura A.4, en cas contrari, no s'executa 
res en aquest pas, el diagrama es el que mostra la figura A.5. 
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Figura A.4.- Diagrama del segon pas de la seqüència del programa d'adquisició, en mode de captura de períodes 
 
 
 
 
 
 
 
 
Figura A.5.- Diagrama del segon pas de la 
seqüència del programa d'adquisició, sense la 
selecció del mode de captura de períodes 
 
 
 
 El següent pas de la seqüència, va lligat als dos anteriors, aquest és el 
relacionat amb el bloc de adaptació dels arxius. Si està en OFF l'interruptor general del 
bloc no fa res en aquest pas, però si està en ON, cal seleccionar el tipus de arxiu a 
modificar, si el de períodes o el de corrent. La funció d'aquest selector s'escollirà 
segons l'adquisició que es vulgui fer.  Les figures A.6, A.7 i A.8, corresponen als 
diagrames del programa en el tercer pas. 
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Figura A.6.- Diagrama del tercer 
pas de la seqüència del programa 
d'adquisició, amb l'interruptor del 
bloc d'adaptació d'arxius en OFF. 
 
 
 
Figura A.7.- Diagrama del tercer pas amb l'interruptor del bloc d'adaptació a ON i el selector de  d'arxiu a períodes. 
 
Figura A.8.- Diagrama del tercer pas amb l'interruptor del bloc d’adaptació a ON i el selector d'arxiu a corrent. 
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 Pel que fa al bloc d'adquisició de la temperatura, els diagrames del programa 
es situen en el quart pas de la seqüència. Si l'interruptor està en OFF, no s'executa res 
en aquest pas si que ho fa en el cas d'estar en ON, llavors captura el valor de la 
temperatura. En les figures A.9 i A.10 s'observen els diagrames del programa. 
 
 
 
 
 
 
Figura A.9.- Diagrama del quart pas 
de la seqüència del programa 
d'adquisició, amb l'interruptor de la 
temperatura en OFF. 
 
 
Figura A.10.- Diagrama del quart pas de la seqüència del programa d'adquisició, amb l'interruptor de la temperatura 
en ON. 
 
 Un cop analitzats els diagrames bàsics del programa, cal detallar el diagrama 
d'algun dels blocs que hi ha inclosos en l'instrument virtual principal. 
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 El bloc INICI.VI s'implementa amb el diagrama que mostra la figura A.11. 
 
Figura A.11.- Diagrama del bloc INICI.vi 
 
 Aquest bloc serveix per iniciar la comunicació,  estableix la comunicació amb el 
port sèrie i configura el dispositiu. 
 
 Dins d’aquest diagrama hi ha dos blocs més que cal desglossar per aclarir el 
diagrama de tot el programa, aquests blocs que no són dels elementals dels que 
disposa el LabView: INICIALITZA.vi que correspon al bloc INI i el bloc WR_RD.vi 
corresponent al bloc write & read. 
 
El diagrama del bloc INICIALITZA.vi és el que hi ha a la figura A.12. 
 
Figura A.12.- Diagrama del bloc INICIALITZA.vi 
  
En aquest bloc hi ha implementada la configuració del port sèrie, però de forma 
que tots els valors estan configurats com a constants i no tenen que modificar-se per 
emprar el programa. Aquestes característiques es poden veure a la taula A.1: 
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Característiques de la comunicació sèrie 
Port sèrie ASRL1::INSTR 
Baud Rate 115200 
Paritat None 
Flow control XON/XOFF 
Nº bits d’informació 8 
Taula A.1.- Taula amb les característiques de la comunicació sèrie 
 
El diagrama del bloc WR_RD.vi és el que mostra la figura A.13, aquest bloc 
uneix els blocs d’escriure i llegir elementals de Labview. Un sol bloc, que permet 
d’usar-los ambdós alhora en aquesta comunicació, però de manera que primer li envia 
la comanda mitjançant el port sèrie i just desprès llegeix la resposta de l’instrument. 
 
 
Figura A.13.- Diagrama del bloc WR_RD.vi 
 
 En la figura A.10, corresponent al diagrama de la captura de temperatura, 
s’observa un bloc temp, corresponent a l’arxiu captem.vi, el diagrama que defineix les 
funcions d’aquest bloc és el  de la figura A.14. 
 
Figura A.14.- Diagrama del bloc captem.vi 
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 Aquest bloc inclou una part de configuració de la comunicació i de l’instrument, 
a més d’una part del diagrama molt semblant a WR_RD.vi, que quan s’executa, 
simplement envia la comanda conjunta de configuració i de temperatura i després 
llegeix la temperatura del port sèrie. 
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B. Configuració de l’HP34970a 
 
Aquest instrument és configurat remotament des del PC. Els arxius de 
configuració següents són els que s’envien a HP34970a i que permeten a aquest 
instrument capturar cada tipus de dades correctament. 
 
B1.  Arxiu per a la captura analògica  
 
 B1a. Tensió en el sensor de corrent 
 
ROUT:SCAN (@101) 
CONF:VOLT:DC 0.3,0.001,(@101) 
TRIG:SOUR IMM 
TRIG:TIM MIN 
TRIG:COUN +3000 
CALC:LIM:UPP 0.002 
CALC:LIM:UPP:STAT ON 
FORM:READ:ALAR ON 
FORM:READ:TIME ON 
FORM:READ:TIME:TYPE REL 
CONFIGURE? 
 
Les comandes per iniciar la captura i bolcar la memòria són les següents: 
 
INIT 
DATA REM?\s+3000\n 
 
 
 B1b. Lectura de la Temperatura 
 
Per a la lectura de la temperatura s’empra una comanda de lectura que inclou la 
configuració, aquesta és la següent: 
 
 MEAS:TEMP?THER,10000,(@102) 
 
 
B2. Arxiu per a la captura digital dels períodes 
 
ROUT:SCAN (@201,202) 
CONF:DIG:BYTE (@201,202) 
TRIG:SOUR EXT 
TRIG:COUN +2100 
CONFIGURE?  
 
Les comandes per iniciar la captura, parar-la i posteriorment bolcar la memòria són les 
següents: 
 
INIT 
ABORT 
FETCH?\n 
Pàg.12  Annexos 
 
 
Sistema d'adquisició i anàlisi de dades d'un alçavidres elèctric d'un automòbil  Pág. 13 
 
 
C. Programació de la placa UP1X d’Altera 
 
Aquest annex conté les dues versions de la programació de la UP1X i la disposició de 
les senyals en els corresponents pins. Els dos algoritmes són pràcticament iguals, les 
diferències entre ambdós són  la llargada del comptador dels períodes de la senyal SPEED i la 
freqüència a la que treballen: la v.1, el comptador és de 9 bits i la freqüència de 100KHz i la v.2 
d’11 bits i 400KHz respectivament, com a conseqüència d’aquest canvis, varia la configuració 
de la memòria, el divisor de freqüència, l’amplada de les sortides digitals i altres constants de 
l’algoritme. 
 
 
C1. Programa VHDL v.1 
 
 
-------                PROGRAMA PRINCIPAL  v.1        --------------- 
 
-- Llibreries d’Altera 
 
LIBRARY IEEE; 
USE IEEE.std_logic_1164.ALL; 
USE IEEE.std_logic_arith.ALL; 
USE IEEE.std_logic_unsigned.ALL; 
LIBRARY lpm; 
USE lpm.lpm_components.ALL; 
 
 
-- Declaració de l'entitat 
 
ENTITY proj IS 
PORT( nstart:  IN  std_logic; 
  wr_nrd:  IN  std_logic; 
  SPEED, DIRECC: IN std_logic; 
  nrst, clk:  IN std_logic; 
  nespera:  OUT  std_logic; 
  nover_flow:  OUT  std_logic; 
  nfi_automat: OUT  std_logic; 
  ready:  OUT  std_logic; 
  ovflinicial: OUT  std_logic_vector(4 downto 0); 
  data_out:  OUT std_logic_vector(8 downto 0)); 
END proj; 
 
-- nstart prové del polsador start de la placa 
-- wr-nrd és el senyal del seleccionador de lectura i escriptura de la 
-– placa correspon al primer microswitch. 
-- SPEED i DIRECC són els senyals procedents del sensor d’efecte Hall 
-- nespera senyal que encendrà un led com indicació de trobar-se en  
-- l’estat d’espera del primer flanc de pujada de la senyal SPEED i en  
-- mode d’escriptura. 
-- nover_flow és un senyal que encén un led en cas de haver-hi un  
-- desbordament de l’ultima adquisició de període 
-- nfi_automat senyal d’indicació d’haver acabat el proces de lectura 
-- o escriptura, també s’encén un led. 
-- ready, senyal que s’envia des de la placa d’altera al dispositiu  
-- d’adquisició per a capturar els valors de període que s’envien. 
-- ovflinicial paraula de 5 bits que envia 1 o 0 per indicar si hi ha 
-- hagut desbordaments en les 5 primeres voltes 
-- data_out paraula de 9 bits de sortida que s’empra per enviar les  
-- paraules de la memòria que contenen els períodes. 
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--Declaració de l'arquitectura 
 
ARCHITECTURE funcional OF proj IS 
 
--Configuració de la memòria 
 
COMPONENT LPM_RAM_DQ 
 GENERIC ( LPM_WIDTH:   INTEGER:=9; 
   LPM_WIDTHAD:  INTEGER:=11; 
   LPM_NUMWORDS:  INTEGER := 2048); 
 PORT ( data: IN  STD_LOGIC_VECTOR(LPM_WIDTH-1 DOWNTO 0); 
   address: IN STD_LOGIC_VECTOR(LPM_WIDTHAD-1 DOWNTO 0); 
   we:  IN  STD_LOGIC; 
   inclock: IN STD_LOGIC := '0'; 
   outclock: IN STD_LOGIC := '0'; 
   q: OUT  STD_LOGIC_VECTOR(LPM_WIDTH-1 DOWNTO 0)); 
END COMPONENT; 
 
 
--declaració de les senyals emprades en els processos de proj 
 
SIGNAL  speed_anterior:  std_logic; 
SIGNAL ov_flow:   std_logic; 
SIGNAL clk100:   std_logic; 
SIGNAL  estat_actual:  std_logic_vector (2 downto 0); 
SIGNAL  divlimit:    INTEGER RANGE 256 downto 0; 
SIGNAL ind:     std_logic_vector(10 downto 0); 
SIGNAL dat:     std_logic_vector(8 downto 0); 
SIGNAL datamemo:   std_logic_vector(8 downto 0); 
SIGNAL speedsync:   std_logic; 
 
-- speed_anterior senyal interna del programa usada per emmagatzemar  
-- el valor del senyal SPEED en l’instant de temps anterior. 
-- ov_flow senyal que val 0 mentre no hi ha desbordament en el  
-- comptatge i en cas contrari pren valor 1. 
-- clk100 rellotge de 100 KHz 
-- estat_actual indica l’estat en que es troba l’autòmat. 
-- ind index de l’adreça de memòria. 
-- dat informació que s’escriu a la memòria en la posició ind. 
-- datamemo paraula de memòria que conté la posició ind. 
-- speedsync senyal interna que guarda el valor de la senyal SPEED del  
-- flanc, s’usa per fixar la senyal SPEED i sincronitzar-la amb el  
-- rellotge. 
 
--definició de les constants de l’autòmat 
 
CONSTANT temps_inici1:  INTEGER:= 8000; 
CONSTANT temps_inici2:  INTEGER:= 10000; 
CONSTANT temps_info:   INTEGER:= 2000; 
CONSTANT  POS_MAX:   INTEGER:= 2046; 
CONSTANT  TIMER_MAX:   INTEGER:= 512; 
 
 
-- definició dels estats 
 
CONSTANT inici:  STD_LOGIC_VECTOR (2 downto 0) := "000"; 
CONSTANT  espera :   STD_LOGIC_VECTOR (2 downto 0) := "001"; 
CONSTANT  tempo :   STD_LOGIC_VECTOR (2 downto 0) := "011"; 
CONSTANT  res_tem :  STD_LOGIC_VECTOR (2 downto 0) := "010"; 
CONSTANT  fi :    STD_LOGIC_VECTOR (2 downto 0) := "110"; 
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CONSTANT  start_rd :   STD_LOGIC_VECTOR (2 downto 0) := "100"; 
CONSTANT  dona_inf :   STD_LOGIC_VECTOR (2 downto 0) := "101"; 
CONSTANT avisa :  STD_LOGIC_VECTOR (2 downto 0) := "111"; 
 
 
BEGIN 
--instanciació de components (la memòria) 
 
memo: lpm_ram_dq  PORT MAP (data=>dat, address=>ind, we=>wr_nrd, 
inclock =>clk100, outclock => clk100, q=>datamemo); 
 
   
--divisor de freqüència tal que tinguem un rellotge el 100kHz 
 
divf : PROCESS (clk) 
 BEGIN 
  --clk100 <=clk; 
  IF (clk'event and clk = '1') THEN  
   IF divlimit /= 126 THEN  
   divlimit <= divlimit + 1;  
   ELSE 
   divlimit <= 0;  
   clk100 <= NOT clk100;  
   END IF;  
  END IF;      
 END PROCESS divf; 
--en el disseny per a la simulació  
--clk100<=clk; 
 
 
--autòmat de funcionament 
 
automat: PROCESS (nrst, clk100) 
 
--variables i subtipus del procés 
 
 SUBTYPE  indicador  IS INTEGER  RANGE 0 TO 2048; 
 SUBTYPE  temps   IS INTEGER  RANGE 0 TO 32768; 
 VARIABLE PRIMER:  indicador; 
 VARIABLE  index:   indicador; 
 VARIABLE  timer:   temps; 
 VARIABLE  index_max: indicador; 
 VARIABLE ovflini: std_logic_vector(4 downto 0); 
 
 
-- evolució de l’autòmat 
 
BEGIN 
 
IF nrst = '0' THEN 
 estat_actual <= inici; 
 nfi_automat<='1'; 
 ready<='1'; 
 ov_flow<='0'; 
 PRIMER:=0; 
 
ELSIF (clk100'event and clk100 = '1') THEN 
 speedsync<=SPEED; 
 --sincronitzem la senyal SPEED 
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CASE estat_actual IS 
 WHEN inici => 
  nespera <= '1'; 
  nfi_automat <= '1'; 
  ov_flow <= '0'; 
  index :=0; 
  ready<= '1'; 
 
-- es selecciona si s’executa el programa de llegir o el 
-- d’escriure 
 
  IF (nstart = '0' AND wr_nrd = '1') THEN 
   timer:=0; 
   estat_actual <= espera; 
   index_max:=1; 
   PRIMER:=0; 
   ovflini:="00000"; 
   speed_anterior <= speedsync; 
   ELSIF (nstart = '0' AND wr_nrd = '0') THEN 
   estat_actual <= start_rd; 
   ovflinicial<= ovflini; 
   timer:=0; 
  END IF; 
 
-- A l’estat d’espera és manté l’automat fins que l’hi arriba el  
-- primer flanc d’SPEED i es fa el filtratge de les cinc primeres 
-- mostres en cas de desbordar el comptador 
. 
 WHEN espera =>  
  nespera <= '0'; 
  IF (speed_anterior /= speedsync AND speedsync = '1')THEN 
   IF PRIMER=0 THEN 
    timer:=0; 
    PRIMER:=1; 
    speed_anterior<=speedsync; 
   ELSIF PRIMER>=1 AND PRIMER<=5 THEN   
     ind <= CONV_STD_LOGIC_VECTOR(index, 11); 
    dat <= CONV_STD_LOGIC_VECTOR(timer, 9); 
     IF timer>=512 THEN 
     IF (PRIMER=1) THEN 
      ovflini(0):='1'; 
     ELSIF (PRIMER=2) THEN 
      ovflini(1):='1'; 
     ELSIF (PRIMER=3) THEN 
      ovflini(2):='1'; 
     ELSIF (PRIMER=4) THEN 
      ovflini(3):='1'; 
     ELSIF (PRIMER=5) THEN 
      ovflini(4):='1'; 
     END IF; 
    END IF; 
    PRIMER:=PRIMER+1; 
    index:=index+1; 
    timer:=0; 
    speed_anterior <= speedsync; 
   ELSE  estat_actual<=tempo;  
    speed_anterior <= speedsync; 
    timer:=0; 
   END IF; 
  ELSE  timer:=timer+1; 
   speed_anterior <= speedsync; 
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  END IF; 
 
 -- en els següents dos estats temporitzen els periodes de SPEED
   
 WHEN tempo => 
  nespera <= '1'; 
  IF DIRECC = '1' AND ov_flow = '0' AND index<=POS_MAX THEN 
   IF (speed_anterior /= speedsync AND speedsync= '1') 
THEN 
    estat_actual <= res_tem; 
    speed_anterior <= speedsync; 
   ElSE  
IF timer>=TIMER_MAX THEN 
     ov_flow <= '1'; 
    ELSE timer:= timer+1; 
     speed_anterior <= speedsync; 
    END IF; 
   END IF; 
  ELSE estat_actual<=fi; 
   index_max:=index; 
  END IF;  
    
 WHEN res_tem =>  
  IF (DIRECC= '1' AND ov_flow = '0') THEN 
   ind <= CONV_STD_LOGIC_VECTOR(index, 11); 
   dat <= CONV_STD_LOGIC_VECTOR(timer, 9); 
   index:= index+1; 
   timer:= 0; 
   estat_actual<=tempo; 
  ELSE estat_actual<= fi; 
   index_max:=index;  
  END IF; 
       
 WHEN fi => 
  nespera <= '1'; 
  nfi_automat <= '0'; 
  if (index /= POS_MAX) and wr_nrd='1'  THEN 
   ind <= CONV_STD_LOGIC_VECTOR (index, 11); 
   dat <= CONV_STD_LOGIC_VECTOR (0,9); 
   index:=POS_MAX; 
  END IF; 
 
     
--encendre un led de la placa per que es vegi que s'ha acabat 
l'adquisició de dades, aquest es la senyal nfi_automat. 
 
WHEN start_rd => 
  IF timer<temps_inici1 THEN 
   timer:= timer+1; 
   ready<='1'; 
   data_out<="000000000"; 
   ovflinicial<=ovflini; 
  ELSIF timer<=(temps_inici1+3) AND timer>=temps_inici1 THEN 
   ovflinicial<=ovflini; 
   data_out<="000000000"; 
   ready<='0'; 
   timer:= timer+1; 
  ELSIF timer<=temps_inici2 THEN 
   ovflinicial<=ovflini; 
   data_out<="000000000"; 
   ready<='1'; 
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   timer:= timer+1; 
  ELSE estat_actual<= avisa; 
   timer:=0; 
   index:=0; 
   ovflinicial<="00000"; 
   data_out <= datamemo; 
   ind <= CONV_STD_LOGIC_VECTOR(index, 11); 
   ready<='1'; 
  END IF; 
 
 --quan comencen a executar-se els estats de lectura, a l’estat  
--stard_rd s’envia la paraula amb la informació dels primers  
--desbordaments i després s’envien totes les dades emmagatzemades a la 
--memòria. 
 
 WHEN avisa => 
  IF index>index_max THEN 
   estat_actual<=fi; 
   timer:=0; 
   ready<='0'; 
  ELSE 
   data_out<= datamemo; 
   ovflinicial<="00000"; 
   ready <= '0'; 
   timer:=0; 
   estat_actual<=dona_inf; 
  END IF; 
    
 WHEN dona_inf=> 
  IF timer<=temps_info THEN 
   data_out <= datamemo; 
   ovflinicial<="00000"; 
   timer:=timer+1; 
   ready<='1'; 
  ELSE estat_actual<=avisa; 
   index:=index+1;  
   ind <= CONV_STD_LOGIC_VECTOR(index, 11); 
  END IF;  
 
 WHEN OTHERS =>    
 END CASE; 
       
END IF; 
 
nover_flow <= NOT (ov_flow); 
         
END PROCESS automat; 
 
END funcional; 
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C2. Programa VHDL v.2 
 
-- llibreries: 
LIBRARY IEEE; 
USE IEEE.std_logic_1164.ALL; 
USE IEEE.std_logic_arith.ALL; 
USE IEEE.std_logic_unsigned.ALL; 
LIBRARY lpm; 
USE lpm.lpm_components.ALL; 
 
 
--declaració de l'entitat 
ENTITY proj1 IS 
 PORT( nstart:  IN  std_logic; 
  wr_nrd:  IN  std_logic; 
  SPEED, DIRECC: IN std_logic; 
  nrst, clk:  IN std_logic; 
  nespera:  OUT  std_logic; 
  nover_flow:  OUT  std_logic; 
  nfi_automat: OUT  std_logic; 
  ready:  OUT  std_logic; 
  ovflinicial: OUT  std_logic_vector(4 downto 0); 
  data_out:  OUT std_logic_vector(15 downto 0); 
  clkout:  OUT  std_logic; 
  dat10:  OUT  std_logic; 
  dat10read:  OUT  std_logic); 
 
END proj1; 
 
-- dat10, dat10read i clkout son sortides que s’afegeixen per a poder  
--depurar el programa 
 
 
--declaració de l'arquitectura 
 
ARCHITECTURE funcional OF proj1 IS 
 
 COMPONENT LPM_RAM_DQ 
   
  GENERIC ( LPM_WIDTH: INTEGER:=16; 
     LPM_WIDTHAD: INTEGER:=10; 
     LPM_NUMWORDS: INTEGER :=1024); 
  
  PORT (data: IN STD_LOGIC_VECTOR(LPM_WIDTH-1 DOWNTO 0); 
   address: IN STD_LOGIC_VECTOR(LPM_WIDTHAD-1 DOWNTO 0); 
   we: IN STD_LOGIC; 
   inclock: IN STD_LOGIC := '0'; 
   outclock: IN STD_LOGIC := '0'; 
   q: OUT STD_LOGIC_VECTOR(LPM_WIDTH-1 DOWNTO 0)); 
 END COMPONENT; 
 
 
--declaració de les senyals emprades en els processos de proj 
SIGNAL   speed_anterior: std_logic; 
SIGNAL  ov_flow:  std_logic; 
SIGNAL  speedsync:  std_logic; 
SIGNAL  clk400:  std_logic; 
SIGNAL   estat_actual: std_logic_vector (2 downto 0); 
SIGNAL   divlimit:   INTEGER RANGE 256 downto 0; 
SIGNAL   ind:    std_logic_vector(9 downto 0); 
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SIGNAL   dat:    std_logic_vector(15 downto 0); 
SIGNAL   datamemo:  std_logic_vector(15 downto 0); 
 
--definició de les constants de l'automata 
CONSTANT temps_inici1:  INTEGER:= 24000; 
CONSTANT temps_inici2:  INTEGER:= 40000; 
CONSTANT temps_info:   INTEGER:= 8000; 
CONSTANT  POS_MAX:   INTEGER:= 1023; 
CONSTANT  TIMER_MAX:   INTEGER:= 2048; 
 
-- definició dels estats 
 
CONSTANT inici:  STD_LOGIC_VECTOR (2 downto 0) := "000"; 
CONSTANT  espera :   STD_LOGIC_VECTOR (2 downto 0) := "001"; 
CONSTANT  tempo :   STD_LOGIC_VECTOR (2 downto 0) := "011"; 
CONSTANT  res_tem :   STD_LOGIC_VECTOR (2 downto 0) := "010"; 
CONSTANT  fi :    STD_LOGIC_VECTOR (2 downto 0) := "110"; 
CONSTANT  start_rd :   STD_LOGIC_VECTOR (2 downto 0) := "100"; 
CONSTANT  dona_inf :   STD_LOGIC_VECTOR (2 downto 0) := "101"; 
CONSTANT avisa :  STD_LOGIC_VECTOR (2 downto 0) := "111"; 
 
 
BEGIN 
--instanciació de components (la memòria) 
 
memo: lpm_ram_dq  PORT MAP (data=>dat, address=>ind, we=>wr_nrd, 
inclock =>clk400, outclock => clk400, q=>datamemo); 
   
--divisor de freqüència tal que tinguem un rellotge el 100kHz 
 
divf : PROCESS (clk) 
 BEGIN 
  --clk100 <=clk; 
  IF (clk'event and clk = '1') THEN  
   IF divlimit /= 31 THEN  
   divlimit <= divlimit + 1;  
   ELSE 
   divlimit <= 0;  
   clk400 <= NOT clk400;  
    
   END IF; 
      clkout <= clk400; 
   
  END IF;      
 END PROCESS divf; 
--en el disseny previ de clk100<=clk; 
 
 
--automat de funcionament 
 
automat: PROCESS (nrst, clk400) 
--variables i subtipus del proces 
 
 SUBTYPE  indicador  IS INTEGER  RANGE 0 TO 1024; 
 SUBTYPE  temps  IS INTEGER  RANGE 0 TO 65536; 
 VARIABLE PRIMER: indicador; 
 VARIABLE  index:  indicador; 
 VARIABLE  timer:  temps; 
 VARIABLE  index_max: indicador; 
 VARIABLE ovflini: std_logic_vector(4 downto 0); 
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BEGIN 
   
IF nrst = '0' THEN 
 estat_actual <= inici; 
 nfi_automat<='1'; 
 ready<='1'; 
 ov_flow<='0'; 
 PRIMER:=0; 
 
ELSIF (clk400'event and clk400 = '1') THEN 
 speedsync<=SPEED;  
 CASE estat_actual IS 
    
 WHEN inici => 
  nespera <= '1'; 
  nfi_automat <= '1'; 
  ov_flow <= '0'; 
  index :=0; 
  ready<= '1'; 
  IF (nstart = '0' AND wr_nrd = '1') THEN 
   timer:=0; 
   estat_actual <= espera; 
   index_max:=1; 
   PRIMER:=0; 
   ovflini:="00000"; 
   speed_anterior <= speedsync; 
  ELSIF (nstart = '0' AND wr_nrd = '0') THEN 
   estat_actual <= start_rd; 
   ovflinicial<= ovflini; 
   timer:=0; 
  END IF; 
 
-- En l'estat espera fem un filtratge de les cinc primeres mostres. 
 WHEN espera =>  
  nespera <= '0'; 
  IF (speed_anterior /= speedsync AND speedsync = '1')THEN 
   IF PRIMER=0 THEN 
    timer:=0; 
    PRIMER:=1; 
    speed_anterior<=speedsync; 
   ELSIF PRIMER>=1 AND PRIMER<=5 THEN   
     ind <= CONV_STD_LOGIC_VECTOR(index, 10); 
    dat <= CONV_STD_LOGIC_VECTOR(timer, 16); 
    dat10<= CONV_STD_LOGIC_VECTOR(timer, 16)(10); 
     IF timer>=2048 THEN 
     If (PRIMER=1) THEN 
      ovflini(0):='1'; 
     ELSIF (PRIMER=2) THEN 
      ovflini(1):='1'; 
     ELSIF (PRIMER=3) THEN 
      ovflini(2):='1'; 
     ELSIF (PRIMER=4) THEN 
      ovflini(3):='1'; 
     ELSIF (PRIMER=5) THEN 
      ovflini(4):='1'; 
     END IF; 
    END IF; 
    PRIMER:=PRIMER+1; 
    index:=index+1; 
    timer:=0; 
    speed_anterior <= speedsync; 
Pàg.22  Annexos 
 
   ELSE  estat_actual<=tempo;  
    speed_anterior <= speedsync; 
    timer:=0; 
   END IF; 
 
  ELSE  timer:=timer+1; 
   speed_anterior <= speedsync; 
  END IF; 
       
 WHEN tempo => 
  nespera <= '1'; 
  IF DIRECC = '1' AND ov_flow = '0' AND index<=POS_MAX THEN 
   IF (speed_anterior /= speedsync AND speedsync = '1') 
THEN 
    estat_actual <= res_tem; 
    speed_anterior <= speedsync ; 
   ElSE 
    IF timer>=TIMER_MAX THEN 
     ov_flow <= '1'; 
    ELSE timer:= timer+1; 
     speed_anterior <= speedsync ; 
    END IF; 
   END IF; 
  ELSE estat_actual<=fi; 
   index_max:=index; 
  END IF;  
    
  WHEN res_tem =>  
  IF (DIRECC= '1' AND ov_flow = '0') THEN 
   ind <= CONV_STD_LOGIC_VECTOR(index,10); 
   dat <= CONV_STD_LOGIC_VECTOR(timer,16); 
   dat10<= CONV_STD_LOGIC_VECTOR(timer, 16)(10); 
   index:= index+1; 
   timer:= 0; 
   estat_actual<=tempo; 
  ELSE estat_actual<= fi; 
   index_max:=index;  
  END IF; 
        
 WHEN fi => 
  nespera <= '1'; 
  nfi_automat <= '0'; 
  if (index /= POS_MAX) and wr_nrd='1'  THEN 
   ind <= CONV_STD_LOGIC_VECTOR (index,10); 
   dat <= CONV_STD_LOGIC_VECTOR (0,16); 
   dat10<= dat(10); 
   index:=POS_MAX; 
  END IF; 
 
     
--encendre un led de la placa per que es vegi que s'ha acabat 
l'adquisició de dades. 
 
 WHEN start_rd => 
  IF timer<temps_inici1 THEN 
   timer:= timer+1; 
   ready<='1'; 
   data_out<="0000000000000000"; 
   ovflinicial<=ovflini; 
  ELSIF timer<=(temps_inici1+400) AND timer>=temps_inici1 
THEN 
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   ovflinicial<=ovflini; 
   data_out<="0000000000000000"; 
   ready<='0'; 
   timer:= timer+1; 
  ELSIF timer<=temps_inici2 THEN 
   ovflinicial<=ovflini; 
   data_out<="0000000000000000"; 
   ready<='1'; 
   timer:= timer+1; 
  ELSE estat_actual<= avisa; 
   timer:=0; 
   index:=0; 
   ovflinicial<="00000"; 
   ind <= CONV_STD_LOGIC_VECTOR(index, 10); 
   data_out<= datamemo; 
   ready<='1'; 
  END IF; 
 
 WHEN avisa => 
  IF index>index_max THEN 
   estat_actual<=fi; 
   timer:=0; 
   ready<='0'; 
  ELSE 
   data_out<= datamemo; 
   dat10read <= datamemo(10); 
   ovflinicial<="00000"; 
   if timer<=200 then 
    ready <= '0'; 
    timer:=timer+1; 
    estat_actual<=avisa; 
   else 
    estat_actual<=dona_inf; 
    ready<='1'; 
    timer:=0; 
   end if; 
  END IF; 
    
 WHEN dona_inf=> 
  IF timer<=temps_info THEN 
   data_out <= datamemo; 
   dat10read <= datamemo(10); 
   ovflinicial<="00000"; 
   timer:=timer+1; 
   ready<='1'; 
  ELSE estat_actual<=avisa; 
   index:=index+1;  
   timer:=0; 
   ind <= CONV_STD_LOGIC_VECTOR(index, 10); 
  END IF;  
   
WHEN OTHERS =>    
   END CASE; 
       
END IF; 
 
nover_flow <= NOT (ov_flow); 
         
END PROCESS automat; 
 
END funcional; 
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C3. Localització de pins en el FLEX10K70 
 
 En ambdós algoritmes hi ha la mateixa distribució de pins, ambdós casos 
serveix la mateixa configuració. La diferència és que en la v.1 no s’empren tots els pins 
els afegits en la v.2.. 
 
A les  taules següents es pot veure l’assignació de pins del FLEX10k70 i del forat 
(hole) corresponent al expansor de la placa. 
 
 
SENYAL PIN  
nrst 28 FLEX_PB1 
start 29 FLEX_PB2 
wr_nrd 41 FLEX_SWITCH_1 
 
Taula C.1.-  Senyals vinculades a polsadors de la UP1X 
 
 
SENYAL PIN FLEX_EXPAN_A 
n_espera 49 18 
nfi_automat 45 15 
nover_flow 46 16 
 
Taula C.2.-  Senyals indicadores dirigides a Led’s 
 
 
SENYAL PIN FLEX_EXPAN_C 
data_out(0) 207 39 
data_out(1) 214 41 
data_out(2) 217 43 
data_out(3) 219 45 
data_out(4) 221 47 
data_out(5) 223 49 
data_out(6) 226 51 
data_out(7) 228 53 
data_out(8) 230 55 
data_out(9) 220 46 
data_out(10) 218 44 
ready 208 40 
SPEED 204 37 
DIREC 206 38 
 
Taula C.3.-  Senyals d’entrada i sortida d’informació 
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D. Programes d’adequació de les dades (MATLAB) 
 
 Aquest annex inclou els diferents codis dels arxius .m del MatLab, emprats per 
al processat de les dades originals procedents del LabView i per a la realització 
d’altres càlculs i gràfiques. 
 
L’arxiu proces.m, que es presenta a continuació, correspon a la transformació 
de les dades obtingudes en LabView en les dades amb la informació i les unitats 
adequades per la seva posterior interpretació i processat. Aquest arxiu s’empra per les 
dades obtingudes amb la primera versió de l’algoritme de la placa d’altera. Les 
modificacions que cal fer per a emprar-lo en la v.2 estan indicats en un comentari en el 
mateix algoritme, l’únic canvi és una constant que converteix els comptatges en valors 
de temps que en la v.1 ha de ser 0.01 i en la v.2, 0.0025. 
 
 
proces.m 
 
%_________ proces ______ versio per al comptador de 9 bits__________% 
 
%_______________________TRACTAMENT DELS PERIODES_____________________% 
 
%i index per mourem per final 
%j index de fila per la nova matriu 
 
%primer es carrega l’arxiu amb els periodes “finaldig.txt” 
load finaldig.txt 
 
%es posa en una variable 
final= finaldig; 
i=1; 
j=1; 
 
%afegim un 0 al final, en el cas de que la transmissio no hagi estat 
%correcta i s’hagi perdut un byte 
 
mida=size(final); 
if rem(mida(1,1),2)~=0 
    final(mida(1,1)+1)=0; 
end    
 
 
while i<=mida(1,1)-2 
    b(j,1)=final(i,1); 
    b(j,2)=final(i+1,1); 
    i=i+2; 
    j=j+1; 
end 
 
% conte dues columnes amb tota la informacio sobre els periodes la 
%tractem i obtindrem 1 sola columna amb el valor en ms dels temps 
%entre polsos 
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mida=size(b); 
overflow= b(1,2); 
 
if and(b(2,1)==0,b(2,2)==0) 
    i=3; 
else i=2; 
end 
 
%també cal filtrar si s’han colat dos bytes 0 despres del primer 
%parell que correspon al desbordament 
 
% es fa la transformacio del while seguent per a passar els comptadors 
% a ms 
k=1; 
while i<=(mida(1,1)-1) 
    temps(k,1)=b(i,1)+256*b(i,2); 
    temps(k,1)=temps(k,1)*0.010; 
    i=i+1; 
    k=k+1; 
end 
 
%en aquest cas, és multiplica el comptador per 0.010, perque el 
%periode del rellotge de la placa es de 10us. En el cas del rellotge 
%de 400 KHz s’empra 0,0025, el periode son 2.5us. 
 
%en el codi seguent, agafa el byte que conte el desbordament i 
%modifica si cal el valor dels primers cinc comptatges  
 
if (overflow-128>=0) 
    temps(1,1)= 5.12+temps(1,1); 
    overflow=overflow-128; 
end 
if (overflow-64>=0) 
    temps(2,1)= 5.12+temps(2,1); 
    overflow=overflow-64; 
end 
if (overflow-32)>=0 
    temps(3,1)= 5.12+temps(3,1); 
    overflow=overflow-32; 
end 
if (overflow-16)>=0 
    temps(4,1)= 5.12+temps(4,1); 
    overflow=overflow-16; 
end 
if (overflow-8)>=0 
    temps(5,1)= 5.12+temps(5,1); 
end 
 
%es crea un vector que conte els temps acumulats, a partir dels 
%periodes enregistrats, i transformats ja a ms. 
 
mida=size(temps); 
tempsacum(1,1)=temps(1,1); 
j=2; 
while j<=mida(1,1) 
    tempsacum(j,1)=tempsacum(j-1,1)+temps(j,1); 
    j=j+1; 
end 
 
%plot(tempsacum(:,1),temps(:,1)); 
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%_________________TRACTAMENT DE L’ARXIU DE CORRENT___________________% 
 
%carrega l’arxiu del corrent  
load finalcor.txt 
corrent=finalcor; 
 
%copia les dades en tres columnes, corresponents a la tensió, el temps 
%i la alarma 
 
i=1; 
j=1; 
mida=size(corrent); 
while i<=mida(1,1)-2 
    c(j,1)=corrent(i); 
    c(j,2)=corrent(i+1); 
    c(j,3)=corrent(i+2); 
    i=i+3; 
    j=j+1; 
end 
 
%Passar les dades de tensio (columna1) a corrent, la resistencia del 
%sensor es de 0.01 ohms 
 
i=1; 
mida=size(c); 
while i<=mida(1,1) 
    c(i,1)=c(i,1)/0.01; 
    i=i+1; 
end 
 
%al programa del datalogger s'ha configurat una alarma tal que al 
%travessar el llindar de 0,01 volt s'activa. 
% El  codi seguent permet detectar on s'activa per primer cop en el 
% llistat de dades aquesta alarma 
%Es fixara l’inici 10 mostres abans de l'alarma 
 
i=5; 
while c(i,3)==0 
    i=i+1; 
end 
inici1 = i-10; 
 
%Aqui fem el tractament: copiem a 'a' les 2000 dades que considerem 
%valides provients del primer arxiu de manera que ens queda una matriu 
%de 2000x2 nomes amb dades de corrent i temps 
 
i=inici1; 
j=1; 
while and(j<=2000,i<=inici1+2000) 
    a(j,1)=c(i,1); 
    a(j,2)=c(i,2); 
    j=j+1; 
    i=i+1; 
end 
 
%ara per ambdues matrius les sincronitzem en un inici igual a 0 de 
%manera que el primer instant de temps sigui el 0. Ho fem restant a la 
%columna del temps el valor del temps inicial. 
 
j=1 
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offset=a(1,2); 
for j= 1:2000 
   a(j,2)=a(j,2)-offset; 
end 
 
 
L’arxiu següent, automatic.m, és el que s’ha emprat per a realitzar sèries de 
proves, aquest permet emmagatzemar en arxius de format .txt les dades contingudes 
en les matrius creades amb el codi anterior. 
 
automatic.m 
 
%inicialment s’esborren totes les variables que hi pugui haver en el 
%Workspace del MatLab 
 
clear 
 
%aquest exemple es per una sèrie de 50 proves, per a fer-ne més, es 
%canvia el valor de la z màxima 
 
z=1; 
while z<51 
pause 
 
%s’atura el MatLab a l’espera de que es premi una tecla, quan 
%s’hagi fet l’adquisició amb el LabView  
     
proces 
 
 % proces transforma les dades procedents del LabView 
 
% es construeix el nom de l’arxiu de corrent i periode 
%encadenant el nom amb el nº de prova realitzada i l’extensió de 
%l’arxiu  
 
N= int2str(z); 
M=strcat('B1cor',N,'.txt'); 
P=strcat('B1per',N,'.txt'); 
 
% es creen els arxius amb el nom anterior i s’hi guarden les 
%matrius amb els valors obtinguts en el primer processat. 
 
dlmwrite(M,a,'\t') 
dlmwrite(P,temps,'\t') 
z=z+1; 
 
% despres s’esborren les variables creades en l’ultim proces 
 
clear a b c corrent final finalcor finaldig i inici1 j mida 
offset overflow temps tempsacum k 
end 
 
 Aquests dos són els programes bàsics creats amb MATLAB, els altres 
programes emprats són codis dissenyats per a cada conjunt de dades, en aquest 
annex s’inclou algun d’ells, però per cada cas s’han de rescriure amb segons els nous 
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resultats de les proves. Principalment cal separar els arxius de les proves de fallada de 
les altres.  
 
En el cas de la velocitat, per una sèrie concreta de proves, s’usa d’arxiu .m 
següent (velob1.m). En aquest arxiu es realitza una mitjana dels períodes per als 
casos de funcionament correcte i un altre per als casos de fallada, amb els valors 
mitjos de períodes es calcula la velocitat mitjana:  
 
%%mijana dels periodes de les corbes de funcionament correctes 
var1=719; 
for i=1:var1 
promig(i,1)=(B1p1(i,1))+(B1p2(i,1))+(B1p3(i,1))+(B1p4(i,1))+(B1p5(i,1)
)+(B1p6(i,1)); 
promig(i,1)= 
promig(i,1)+(B1p7(i,1))+(B1p8(i,1))+(B1p9(i,1))+(B1p10(i,1))+(B1p11(i,
1)); 
promig(i,1)= 
promig(i,1)+(B1p12(i,1))+(B1p13(i,1))+(B1p14(i,1))+(B1p15(i,1))+(B1p16
(i,1)); 
promig(i,1)= 
promig(i,1)+(B1p18(i,1))+(B1p19(i,1))+(B1p20(i,1))+(B1p21(i,1))+(B1p22
(i,1))+(B1p23(i,1)); 
promig(i,1)= 
promig(i,1)+(B1p24(i,1))+(B1p26(i,1))+(B1p27(i,1))+(B1p28(i,1))+(B1p30
(i,1)); 
promig(i,1)= 
promig(i,1)+(B1p31(i,1))+(B1p32(i,1))+(B1p33(i,1))+(B1p34(i,1))+(B1p35
(i,1))+(B1p36(i,1)); 
promig(i,1)= 
promig(i,1)+(B1p37(i,1))+(B1p38(i,1))+(B1p40(i,1))+(B1p41(i,1))+(B1p42
(i,1))+(B1p43(i,1)); 
promig(i,1)= 
promig(i,1)+(B1p44(i,1))+(B1p45(i,1))+(B1p46(i,1))+(B1p47(i,1))+(B1p48
(i,1))+(B1p49(i,1))+(B1p50(i,1)); 
promig(i,1)=promig(i,1)/46; 
end 
k=2; 
promigacum(1,1)=promig(1,1); 
while k<=var1 
    promigacum(k,1)=promigacum(k-1,1)+promig(k,1); 
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    k=k+1; 
end 
%% mitjana dels periodes de les mostres que fallen 
var2=1289; 
for i=1:var2 
fpromig(i,1)=(B1p17(i,1))+(B1p25(i,1))+(B1p29(i,1)); 
 
fpromig(i,1)=fpromig(i,1)/3; 
end 
k=2; 
fpromigacum(1,1)=fpromig(1,1); 
while k<=var2 
    fpromigacum(k,1)=fpromigacum(k-1,1)+fpromig(k,1); 
    k=k+1; 
end 
 
%% representació gràfica dels períodes mitjos 
figure 
hold on 
plot(fpromigacum(:,1),fpromig(:,1),'r'); 
plot(promigacum(:,1),promig(:,1),'b'); 
title('PERIODES(tempsacumulat)'); 
text(2000,4.5,'prova B1'); 
hold off 
 
%%% els periodes son temps per volta, llavors la inversa es la 
%%velocitat angular del motor en voltes/temps, el temps el tenim en ms 
%%llavors la inversa seran ms-1 i ho passarem al sistema internacional 
%%de s-1 
 
for k=1:var1-1 
    velo(k,1)=1/(promig(k,1)*0.001); 
    velo(k,2)=promigacum(k,1); 
end 
 
for k=1:var2-1 
    fvelo(k,1)=1/(fpromig(k,1)*0.001); 
    fvelo(k,2)=fpromigacum(k,1); 
end 
 
%%Representació de les velocitats mitjanes. 
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figure 
hold on 
 
plot(fvelo(:,2),fvelo(:,1),'r'); 
plot(velo(:,2),velo(:,1),'b'); 
title('VELOCITAT(tempsacumulat)'); 
text(2000,900,'prova B1'); 
 
hold off 
 
 En el càlcul de l’acceleració l’arxiu és comú per tots els assaigs, ja que només 
es calcula l’acceleració mitjana i es fa a partir de la velocitat mitja. L’arxiu correspon a 
accelb1.m  i té el contingut següent: 
 
%% derivades de la velocitat, es a dir, l'acceleracio del motor, 
calculades com a %diferencies mostra a mostra. 
 
for i=1:var1-2 
    acc(i,1)=velo(i+1,1)-velo(i,1); 
end 
for i=1:var2-2 
    facc(i,1)=fvelo(i+1,1)-fvelo(i,1); 
end 
 
%representació de l’acceleració respecte el número de mostra  
figure 
hold on; 
plot (facc,'r'); 
plot (acc,'b'); 
hold off; 
 
%representacio de l’acceleració respecte el temps acumulat 
figure 
hold on; 
plot (fvelo(1:var2-2,2),facc(:,1),'r'); 
plot (velo(1:var1-2,2),acc(:,1),'b'); 
title('ACCELERACIO(tempsacumulat)') 
text(3000,400,'prova b0') 
hold off 
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%% acceleracions promitjades de 10 en 10 per a filtrar el soroll  
i=1; 
while i<=var1-11 
   
accm(i,1)=acc(i,1)+acc(i+1,1)+acc(i+2,1)+acc(i+3,1)+acc(i+4,1)+acc(i+5
,1)+acc(i+6,1)+acc(i+7,1)+acc(i+8,1)+acc(i+9,1); 
 i=i+1; 
end 
i=1; 
while i<=var2-11 
    
faccm(i,1)=facc(i,1)+facc(i+1,1)+facc(i+2,1)+facc(i+3,1)+facc(i+4,1)+f
acc(i+5,1)+facc(i+6,1)+facc(i+7,1)+facc(i+8,1)+facc(i+9,1); 
  i=i+1; 
end 
 
%%Representació respecte la mostra i representació respecte el temps   
figure 
hold on; 
plot (accm,'m'); 
plot (faccm,'k'); 
hold off; 
 
figure 
hold on; 
title('ACCELERACIO(tempsacumulat)') 
text(2000,400,'prova b1') 
plot (fvelo(1:var2-11,2),faccm(:,1),'r'); 
plot (velo(1:var1-11,2),accm(:,1),'b'); 
hold off 
 
Per a poder representar els temps acumulats, s’editen els següents arxius .m, 
aquests també han d’estar adaptats per cada sèrie concreta de proves. 
 
temps_acum.m 
 
%temps acumulats 
 
%%calcul dels temps acumulats 
tacum1(1,1)=B1p1(1,1); 
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tacum2(1,1)=B1p2(1,1); 
tacum3(1,1)=B1p3(1,1); 
tacum4(1,1)=B1p4(1,1); 
tacum5(1,1)=B1p5(1,1); 
tacum6(1,1)=B1p6(1,1); 
tacum7(1,1)=B1p7(1,1); 
tacum8(1,1)=B1p8(1,1); 
tacum9(1,1)=B1p9(1,1); 
tacum10(1,1)=B1p10(1,1); 
tacum11(1,1)=B1p11(1,1); 
tacum12(1,1)=B1p12(1,1); 
tacum13(1,1)=B1p13(1,1); 
tacum14(1,1)=B1p14(1,1); 
tacum15(1,1)=B1p15(1,1); 
tacum16(1,1)=B1p16(1,1); 
tacum17(1,1)=B1p17(1,1); 
tacum18(1,1)=B1p18(1,1); 
tacum19(1,1)=B1p19(1,1); 
tacum20(1,1)=B1p20(1,1); 
tacum21(1,1)=B1p21(1,1); 
tacum22(1,1)=B1p22(1,1); 
tacum23(1,1)=B1p23(1,1); 
tacum24(1,1)=B1p24(1,1); 
tacum25(1,1)=B1p25(1,1); 
tacum26(1,1)=B1p26(1,1); 
tacum27(1,1)=B1p27(1,1); 
tacum28(1,1)=B1p28(1,1); 
tacum29(1,1)=B1p29(1,1); 
tacum30(1,1)=B1p30(1,1); 
tacum31(1,1)=B1p31(1,1); 
tacum32(1,1)=B1p32(1,1); 
tacum33(1,1)=B1p33(1,1); 
tacum34(1,1)=B1p34(1,1); 
tacum35(1,1)=B1p35(1,1); 
tacum36(1,1)=B1p36(1,1); 
tacum37(1,1)=B1p37(1,1); 
tacum38(1,1)=B1p38(1,1); 
%tacum39(1,1)=B1p39(1,1); 
tacum40(1,1)=B1p40(1,1); 
tacum41(1,1)=B1p41(1,1); 
tacum42(1,1)=B1p42(1,1); 
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tacum43(1,1)=B1p43(1,1); 
tacum44(1,1)=B1p44(1,1); 
tacum45(1,1)=B1p45(1,1); 
tacum46(1,1)=B1p46(1,1); 
tacum47(1,1)=B1p47(1,1); 
tacum48(1,1)=B1p48(1,1); 
tacum49(1,1)=B1p49(1,1); 
tacum50(1,1)=B1p50(1,1); 
 
for i=2:719 
   tacum1(i,1)=tacum1(i-1,1)+(B1p1(i,1)); 
    tacum2(i,1)=tacum2(i-1,1)+(B1p2(i,1)); 
    tacum3(i,1)=tacum3(i-1,1)+(B1p3(i,1)); 
    tacum4(i,1)=tacum4(i-1,1)+(B1p4(i,1)); 
    tacum5(i,1)=tacum5(i-1,1)+(B1p5(i,1)); 
    tacum6(i,1)=tacum6(i-1,1)+(B1p6(i,1)); 
    tacum7(i,1)=tacum7(i-1,1)+(B1p7(i,1)); 
    tacum8(i,1)=tacum8(i-1,1)+(B1p8(i,1)); 
    tacum9(i,1)=tacum9(i-1,1)+(B1p9(i,1)); 
    tacum10(i,1)=tacum10(i-1,1)+(B1p10(i,1)); 
    tacum11(i,1)=tacum11(i-1,1)+(B1p11(i,1)); 
    tacum12(i,1)=tacum12(i-1,1)+(B1p12(i,1)); 
    tacum13(i,1)=tacum13(i-1,1)+(B1p13(i,1)); 
    tacum14(i,1)=tacum14(i-1,1)+(B1p14(i,1)); 
    tacum15(i,1)=tacum15(i-1,1)+(B1p15(i,1)); 
    tacum16(i,1)=tacum16(i-1,1)+(B1p16(i,1)); 
     tacum18(i,1)=tacum18(i-1,1)+(B1p18(i,1)); 
    tacum19(i,1)=tacum19(i-1,1)+(B1p19(i,1)); 
    tacum20(i,1)=tacum20(i-1,1)+(B1p20(i,1)); 
    tacum21(i,1)=tacum21(i-1,1)+(B1p21(i,1)); 
    tacum22(i,1)=tacum22(i-1,1)+(B1p22(i,1)); 
    tacum23(i,1)=tacum23(i-1,1)+(B1p23(i,1)); 
    tacum24(i,1)=tacum24(i-1,1)+(B1p24(i,1)); 
    tacum26(i,1)=tacum26(i-1,1)+(B1p26(i,1)); 
    tacum27(i,1)=tacum27(i-1,1)+(B1p27(i,1)); 
    tacum28(i,1)=tacum28(i-1,1)+(B1p28(i,1)); 
        
    tacum30(i,1)=tacum30(i-1,1)+(B1p30(i,1)); 
    tacum31(i,1)=tacum31(i-1,1)+(B1p31(i,1)); 
    tacum32(i,1)=tacum32(i-1,1)+(B1p32(i,1)); 
    tacum33(i,1)=tacum33(i-1,1)+(B1p33(i,1)); 
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    tacum34(i,1)=tacum34(i-1,1)+(B1p34(i,1));     
    tacum35(i,1)=tacum35(i-1,1)+(B1p35(i,1)); 
    tacum36(i,1)=tacum36(i-1,1)+(B1p36(i,1)); 
    tacum37(i,1)=tacum37(i-1,1)+(B1p37(i,1)); 
    tacum38(i,1)=tacum38(i-1,1)+(B1p38(i,1)); 
    %tacum39(i,1)=tacum39(i-1,1)+(B1p39(i,1)); 
    tacum40(i,1)=tacum40(i-1,1)+(B1p40(i,1)); 
     tacum41(i,1)=tacum41(i-1,1)+(B1p41(i,1)); 
    tacum42(i,1)=tacum42(i-1,1)+(B1p42(i,1)); 
    tacum43(i,1)=tacum43(i-1,1)+(B1p43(i,1)); 
     tacum44(i,1)=tacum44(i-1,1)+(B1p44(i,1)); 
      tacum45(i,1)=tacum45(i-1,1)+(B1p45(i,1)); 
    tacum46(i,1)=tacum46(i-1,1)+(B1p46(i,1)); 
    tacum47(i,1)=tacum47(i-1,1)+(B1p47(i,1)); 
    tacum48(i,1)=tacum48(i-1,1)+(B1p48(i,1)); 
    tacum49(i,1)=tacum49(i-1,1)+(B1p49(i,1)); 
    tacum50(i,1)=tacum50(i-1,1)+(B1p50(i,1)); 
end 
 
for i=2:1289 
        tacum17(i,1)=tacum17(i-1,1)+(B1p17(i,1)); 
        tacum25(i,1)=tacum25(i-1,1)+(B1p25(i,1)); 
        tacum29(i,1)=tacum29(i-1,1)+(B1p29(i,1)); 
     
    end 
% Representació gràfica de tots els temps acumulats de la sèrie. 
hold on 
title('temps acumulats'); 
plot (tacum1(:,1)); 
plot (tacum2(:,1)); 
plot (tacum3(:,1)); 
plot (tacum4(:,1)); 
plot (tacum5(:,1)); 
plot (tacum6(:,1)); 
plot (tacum7(:,1)); 
plot (tacum8(:,1)); 
plot (tacum9(:,1)) 
plot (tacum10(:,1)); 
plot (tacum11(:,1)); 
plot (tacum12(:,1)); 
plot (tacum13(:,1)); 
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plot (tacum14(:,1)); 
plot (tacum15(:,1)); 
plot (tacum16(:,1)); 
plot (tacum17(:,1),'r'); 
plot (tacum18(:,1)); 
plot (tacum19(:,1)); 
plot (tacum20(:,1)); 
plot (tacum21(:,1)); 
plot (tacum22(:,1)); 
plot (tacum23(:,1)); 
plot (tacum24(:,1)); 
plot (tacum25(:,1),'r'); 
plot (tacum26(:,1)); 
plot (tacum27(:,1)); 
plot (tacum28(:,1)); 
plot (tacum29(:,1),'r'); 
%plot (tacum30(:,1),'y'); 
plot (tacum31(:,1)); 
plot (tacum32(:,1)); 
plot (tacum33(:,1)); 
plot (tacum34(:,1)); 
plot (tacum35(:,1)); 
plot (tacum36(:,1)); 
plot (tacum37(:,1)); 
plot (tacum38(:,1)); 
%plot (tacum39(:,1)); 
plot (tacum40(:,1)); 
plot (tacum41(:,1)); 
plot (tacum42(:,1)); 
plot (tacum43(:,1)); 
plot (tacum44(:,1)); 
plot (tacum45(:,1)); 
plot (tacum46(:,1)); 
plot (tacum47(:,1)); 
plot (tacum48(:,1)); 
plot (tacum49(:,1)); 
plot (tacum50(:,1)); 
hold off; 
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E.     Esquema del connexionat 
 
 En la figura E.1, s’observen les connexions del sistema, i en la taula E.1, es 
detallen les senyals de cada  un dels pins dels connectors i el seu origen si entren a la 
interfície o destí si en surten. 
 
 
 
Figura E.1.- Esquema del connexionat del sistema 
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Connector Nº pin Senyal Origen/Destí
0 Bateria (-) Canal Analògic (-)
1 GND Canal Analògic (+)
0 GND
1 SPEED
2 E1_OUT
3 DIRECC
4 VHES
0 data_out9 Canal Digital (11)
1 data_out10 Canal Digital (10)
2 data_out0 Canal Digital (1)
3 data_out1 Canal Digital (2)
4 data_out2 Canal Digital (3)
5 data_out3 Canal Digital (4)
6 data_out4 Canal Digital (5)
7 data_out5 Canal Digital (6)
8 data_out6 Canal Digital (7)
9 data_out7 Canal Digital (8)
10 data_out8 Canal Digital (9)
11 ovflinicial(0) Canal Digital (16)
12 ovflinicial(1) Canal Digital (15)
13 ovflinicial(2) Canal Digital (14)
14 ovflinicial(3) Canal Digital (13)
15 ovflinicial(4) Canal Digital (12)
1 a 16
17 DIRECC FLEX_EXPAN_C (38)
18 SPEED FLEX_EXPAN_C (37)
19 data_out0 FLEX_EXPAN_C (39)
21 data_out1 FLEX_EXPAN_C (41)
23 data_out2 FLEX_EXPAN_C (43)
25 data_out3 FLEX_EXPAN_C (45)
27 data_out4 FLEX_EXPAN_C (47)
29 data_out5 FLEX_EXPAN_C (49)
31 data_out6 FLEX_EXPAN_C (51)
33 data_out7 FLEX_EXPAN_C (53)
35 data_out8 FLEX_EXPAN_C (55)
36 ovflinicial(0) FLEX_EXPAN_C (56)
34 ovflinicial(1) FLEX_EXPAN_C (54)
32 ovflinicial(2) FLEX_EXPAN_C (52)
30 ovflinicial(3) FLEX_EXPAN_C (50)
28 ovflinicial(4) FLEX_EXPAN_C (48)
22,37,39
26 data_out9 FLEX_EXPAN_C (46)
24 data_out10 FLEX_EXPAN_C (44)
20 ready FLEX_EXPAN_C (40)
0 GND gnd (trigger HP34970A)
1 ready TRIGGER ( HP34970A)
C6 0 GND gnd (slot digital)
C1
Sensor Efecte HallC2
C3
no s'usen
no s'usen
C4
C5
 
Taula E.1.- Detall de les connexions del sistema 
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F.      Pressupost 
 
 Aquest pressupost està realitzat en base a criteris i preus reals,  per tant no 
correspon al cost del present projecte, ja que part del material i la totalitat dels 
instruments han estat cedits pel departament d’electrònica.   
 
Pressupost del projecte          
         
A.- Cost del material       Cost(€)
Material (cables, connector, cargols, 
volanderes, estany,...)    97
Placa UP1X d'Altera    150
    TOTAL A 247
     
B.- Amortització hardware i software PVP (€) 
Amortització 
(anys) 
Preu 
(€/h) Cost(€) 
2 Fonts d'alimentació de CC 540 5 0,05 31,50
Oscil·loscopi 1750 5 0,17 15,30
Altres instruments de mesura 
(multímetre, termòmetre digital,...) 180 5 0,02 7,50
Datalogger HP34970a 5760 5 0,55 487,40
PC 1500 5 0,15 139,50
Llicències del programari no gratuït 12350 5 1,19 1047,2
    TOTAL B 1728,40
     
C.- Despeses de disseny i 
desenvolupament   Hores 
Preu 
(€/h) 
Cost 
(€) 
Director del projecte  30 90 2700
Enginyer Industrial     
          Estudis previs  200 50 10000
          Disseny del sistema  450 50 22500
          Execució del projecte  180 50 9000
          Anàlisi dels resultats  70 50 3500
    TOTAL C 47700
     
D. Altres despeses (5% del total)       2483,77
     
 COST TOTAL                       52159,17€
 
Taula F.1.- Pressupost del projecte 
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G.      Catàlegs dels components 
 
G1.  Components del sistema a estudiar 
 
? Fitxa tècnica d’un motor de la família del motor de l’alçavidres 
? Datasheet del sensor d’efecte Hall 
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The A3422xKA Hall-effect, direction-detection sensor is a new
generation of special-function integrated sensors that is capable of
sensing the direction of rotation of a ring magnet.  This transducer
provides separate digital outputs that provide information on magnet
rotation speed, direction, and magnet pole count.  This device elimi-
nates the major manufacturing hurdles encountered in fine-pitch
direction-detection applications, namely maintaining accurate mechani-
cal location between the two active Hall elements.  Here, the two Hall
elements are photolithographically aligned to better than 1 µm, as
contrasted with 100 µm or worse mechanical location tolerance when
manufactured discretely.  This highly sensitive, temperature-stable,
magnetic transducer is ideal for use in digital-encoder systems in the
harsh environments of automotive or industrial applications.  The
A3422xKA is a high-sensitivity device optimized for use with high-
density magnets.
The A3422xKA monolithic integrated circuit contains two indepen-
dent Hall-effect latches whose digital outputs are internally coupled to
CMOS logic circuitry that decodes signal speed and direction.  Ex-
tremely low-drift BiCMOS circuitry is used for the amplifiers to ensure
symmetry between the two latches so that signal quadrature can be
maintained.  An on-chip voltage regulator allows the use of this device
from a 4.5 V to 18 V supply.  The outputs are standard open-collector
outputs.
Two operating temperature ranges are provided; suffix ‘E–’ is for
the automotive and industrial temperature range of -40°C to +85°C,
suffix ‘L–’ is for the automotive and military temperature range of
-40°C to +150°C.  The 5-pin ‘KA’ SIP package provides a cost-
competitive solution to magnetic sensing in harsh environments.
FEATURES
■ Internal Direction-Decoding Circuitry
■ Two Matched Hall Latches On A Single Substrate
■ Superior Temperature Stability
■ 4.5 V to 18 V Operation
Electrically Defined Power-On State
Undervoltage Lockout
HALL-EFFECT,
 DIRECTION-DETECTION SENSORS
Always order by complete part number: the prefix ‘A’ + the basic four-
digit part number + a suffix to indicate operating temperature range + a
suffix to indicate package style, e.g., A3422EKA  .
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ABSOLUTE MAXIMUM RATINGS
Supply Voltage, VCC . . . . . . . . . . . . .  18 V
Magnetic Flux Density, B . . . .  Unlimited
Output OFF Voltage, VOUT . . . . . . . .  VCC
Output Sink Current, IOUT . . . . . . .  30 mA
Package Power Dissipation,
PD . . . . . . . . . . . . . . . . . . . . . .  500 mW
Operating Temperature Range, TA
Suffix ‘E–’ . . . . . . . . .  -40˚C to +85˚C
Suffix ‘L–’ . . . . . . . .  -40˚C to +150˚C
Storage Temperature Range,
TS . . . . . . . . . . . . . . .  -65˚C to +170˚C
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Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Supply Voltage Range VCC Operating, TJ < 165°C1 4.5 — 18 V
Output Leakage Current IOFF VOUT = VCC = 18 V — <1.0 10 µA
Output Saturation Voltage VOUT(SAT) IOUT = 20 mA — 0.21 0.50 V
Power-On State POS VCC = 0 → 5 V, OFF OFF OFF —
BRP1 < B < BOP1, BRP2 < B < BOP2
Undervoltage Lockout VCC(UV) IOUT = 20 mA, VCC = 0 → 5 V — 3.5 — V
Undervoltage Hysteresis VCC(hys) Lockout (VCC(UV)) - Shutdown — 0.5 — V
Power-On Time tpo VCC > 4.5 V — — 50 µs
Output Rise Time tr CL = 20 pF, RL = 820 Ω — 200 — ns
Output Fall Time tf CL = 20 pF, RL = 820 Ω — 200 — ns
Direction Change Delay td CL = 20 pF, RL = 820 Ω 0.5 1.0 5.0 µs
Supply Current ICC VCC = 8 V, All outputs OFF 5.0 9.0 18 mA
ELECTRICAL CHARACTERISTICS over operating temperature range.
NOTES:1. Maximum supply voltage must be adjusted for power dissipation and ambient temperature.
2. Typical Data is at VCC = 12 V and TA = +25°C and is for design information only.
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Limits
Characteristic Symbol Test Conditions Min. Typ. Max. Units
Operate Point BOP TA = -40°C — — 85 G
TA = +25°C — 29 75 G
TA = Maximum — — 75 G
Release Point3 BRP TA = -40°C -85 — — G
TA = +25°C -75 -17 — G
TA = Maximum -75 — — G
Hysteresis Bhys TA = -40°C 10 — — G
TA = +25°C 10 46 — G
TA = Maximum 10 — — G
Operate Differential — BOP1 - BOP2 — — ±60 G
Release Differential — BRP1 - BRP2 — — ±60 G
MAGNETIC CHARACTERISTICS over operating voltage range.
NOTES:1. Magnetic flux density is measured at most sensitive area of device,
nominally located 0.0165” (0.42 mm) below the branded face of the package.
2. Typical Data is at VCC = 12 V and TA = +25°C and is for design information only.
3. As used here, negative flux densities are defined as less than zero (algebraic convention).
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Typical Electrical Characteristics
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Outputs.  The device provides three saturated
outputs: DIRECTION, E1 OUTPUT, and SPEED.
DIRECTION provides the direction output of the
sensor and is defined as OFF (high) for the direction
E1 to E2 and ON (low) for the direction E2 to E1.
SPEED provides an XOR’d output of the two sensors.
Because of internal delays, DIRECTION will always
be updated before SPEED and is updated at every
transition of E1 OUTPUT and E2 OUTPUT (internal)
allowing the use of up-down counters without the loss
of pulses.
Power-On State.  At power on, the logic circuitry is
reset to provide an OFF (high) at DIRECTION and an
OFF (high) for E1 and E2 (internal) for magnetic
fields less than BOP.  This eliminates ambiguity when
the device is powered up and either sensor detects a
field between BOP and BRP.  If either sensor is sub-
jected to a field greater than BOP, the internal logic
will set accordingly.
The integrated circuit contains an internal voltage
regulator that powers the Hall sensors and both the
analog and digital circuitry.  This regulator allows
operation over a wide supply voltage range and
provides some immunity to supply noise.  The device
also contains CMOS logic circuitry that decodes the
direction of rotation of the ring magnet.
Quadrature/Direction Detection.  Internal logic
circuitry provides outputs representing speed and
direction of the magnetic field across the face of the
package.  For the direction signal to be appropriately
updated, a quadrature relationship must be maintained
between the ring magnet pole width*, the sensor-to-
sensor spacing, and, to a lesser extent, the magnetic
switch points.  For optimal design, the sensor should
be actuated with a ring magnet pole width* two times
the sensor-to-sensor spacing.  This will produce a
sinusoidal magnetic field whose period (denoted as Τ)
is then four times the sensor-to-sensor spacing.  A
quadrature relationship can also be maintained for a
ring magnet that has a period that satisfies the rela-
tionship nΤ/4 = 1.5 mm, where n is any odd integer.
Therefore, ring magnets with pole-pair spacing equal
to 6 mm (n = 1), 2 mm (n = 3), 1.2 mm (n = 5), etc.
are permitted.
The response of the device to the magnetic field
produced by a rotating ring magnet is shown on page
2.  Note the phase shift between the two integrated
sensors.
* “Pole” refers to a single pole (North or South)
unless stated as “pole pair” (North and South).
Functional Description
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Applications Information
Operation with Fine-Pitch Ring Magnets.  For
targets with a circular pitch of less than 4 mm, a
performance improvement can be observed by rotat-
ing the front face of the sensor subassembly (see
below).  This sensor rotation decreases the effective
sensor-to-sensor spacing, provided that the Hall
elements are not rotated beyond the width of the
target.
Applications.  It is strongly recommended that an
external 0.01 µF bypass capacitor be connected (in
close proximity to the Hall sensor) between the
supply and ground of the device to reduce both
external noise and noise generated by the internal
logic.
The simplest form of magnet that will operate
these devices is a ring magnet.  Other methods of
operation, such as linear magnets, are possible.
Extensive applications information on magnets and
Hall-effect sensors is also available in the “Hall-
Effect IC Applications Guide” which can be found in
the latest issue of Application Note 27701, at
www.allegromicro.com/techpub2/an/an27701
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Sensor Locations
A
E1 E2
Dwg. MH-007-1A
0.0165"
0.42 mm
NOM
BRANDED
SURFACE
ACTIVE AREA DEPTH
0.059"
1.50 mm
1 2 4 53
0.096"
2.44 mm
0.072"
1.83 mm
Allegro
Criteria for Device Qualification
Contact Allegro MicroSystems for qualification information.
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Package Designator 'KA'
Dimensions in Inches
(controlling dimensions)
Dimensions in Millimeters
(for reference only)
Dwg. MH-010H in
0.018
0.0173
0.0138
0.0189
0.0142
0.050
BSC
1 3 4 52
0.063
0.059
45°
0.600
0.560
0.083
MAX
0.252
0.247
0.181
0.176
SEE NOTE
Surface-Mount Lead Form (add ‘-TL’ to part number)
2.41
±0.13
0.51
MIN
FLAT Dwg. MH-015 mm
0.10
MAX
0.051
MAX
0°–8°
0.095
±0.005
0.020
MIN
FLAT Dwg. MH-015 in
0.004
MAX
0.002
MAX
0°–8°
NOTES: 1. Tolerances on package height and width represent allowable mold offsets. Dimensions given are measured at the widest point (parting line).
2. Exact body and lead configuration at vendor’s option within limits shown.
3. Height does not include mold gate flash.
4. Recommended minimum PWB hole diameter to clear transition area is 0.035” (0.89 mm).
5. Where no tolerance is specified, dimension is nominal.
6. Supplied in bulk pack (500 pieces per bag).
Dwg. MH-010H mm
0.46
0.44
0.35
0.48
0.36
1.27
BSC
1 3 4 52
1.60
1.50
45°
15.24
14.23
2.11
MAX
6.40
6.27
4.60
4.47
SEE NOTE
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The products described herein are manufactured under one or more of
the following U.S. patents: 5,045,920; 5,264,783; 5,442,283; 5,389,889;
5,581,179; 5,517,112; 5,619,137; 5,621,319; 5,650,719; 5,686,894;
5,694,038; 5,729,130; 5,917,320; and other patents pending.
Allegro MicroSystems, Inc. reserves the right to make, from time to time,
such departures from the detail specifications as may be required to permit
improvements in the performance, reliability, or manufacturability of its
products.  Before placing an order, the user is cautioned to verify that the
information being relied upon is current.
Allegro products are not authorized for use as critical components in life-
support appliances, devices, or systems without express written approval.
The information included herein is believed to be accurate and reliable.
However, Allegro MicroSystems, Inc. assumes no responsibility for its use;
nor for any infringements of patents or other rights of third parties that may
result from its use.
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User’s Guide
Publication Number 34970-90003 (order as 34970-90101 manual set)
Edition 3, March 2003
© Copyright Agilent Technologies, Inc. 1997-2003
For Safety information, Warranties, and Regulatory information,
see the pages following the Index.
Agilent 34970A
Data Acquistion / Switch Unit
The Agilent Technologies 34970A combines precision measurement
capability with flexible signal connections for your production and
development test systems. Three module slots are built into the rear 
of the instrument to accept any combination of data acquisition or
switching modules. The combination of data logging and data
acquisition features makes this instrument a versatile solution for your
testing requirements now and in the future.
Convenient Data Logging Features  
• Direct measurement of thermocouples, RTDs, thermistors, dc voltage,
ac voltage, resistance, dc current, ac current, frequency, and period
• Interval scanning with storage of up to 50,000 time-stamped readings
• Independent channel configuration with function, Mx+B scaling,
and alarm limits available on a per-channel basis
• Intuitive user interface with knob for quick channel selection,
menu navigation, and data entry from the front panel
• Portable, ruggedized case with non-skid feet  
• BenchLink Data Logger Software for Microsoft ® Windows ® included
Flexible Data Acquisition / Switching Features 
• 61⁄2-digit multimeter accuracy, stability, and noise rejection
• Up to 60 channels per instrument (120 single-ended channels)
• Reading rates up to 600 readings per second on a single channel and
scan rates up to 250 channels per second 
• Choice of multiplexing, matrix, general-purpose Form C switching,
RF switching, digital I/O, totalize, and 16-bit analog output functions
• GPIB (IEEE-488) interface and RS-232 interface are standard
• SCPI (Standard Commands for Programmable Instruments) compatibility
Agilent 34970A
Data Acquisition / Switch Unit
Note: Unless otherwise indicated, this manual applies to all serial numbers.
The Front Panel at a Glance 
1 State Storage / Remote Interface Menus
2 Scan Start / Stop Key
3 Measurement Configuration Menu
4 Scaling Configuration Menu
5 Alarm / Alarm Output Configuration Menu
6 Scan-to-Scan Interval Menu
7 Scan List Single Step / Read Key
  8 Advanced Measurement / Utility Menus
  9 Low-Level Module Control Keys
10 Single-Channel Monitor On / Off Key
11 View Scanned Data, Alarms, Errors Menu
12 Shift / Local Key
13 Knob
14 Navigation Arrow Keys
Denotes a menu key. See the next page for details on menu operation.
2
The Front-Panel Menus at a Glance
Several of the front-panel keys guide you through menus to configure
various parameters of the instrument (see previous page). The following
steps demonstrate the menu structure using the  key.
Tip: To review the current configuration of a specific menu, press the menu key several times. 
A message NO CHANGES is displayed when you exit the menu. 
4 Press the same menu key again to accept the
  change and exit the menu. A brief confirmation
  message is displayed.
2 Press the same menu key again to move 
  to the next item of the menu. Typically,
  this is where you choose parameter values
  for the selected operation. 
3 Rotate the knob to view the choices on this
  level of the menu. When you reach the end  
  of the list, rotate the knob in the opposite
  direction to view all of the other choices. 
  The current selection is highlighted for emphasis.
  All other choices are dimmed.
1 Press the menu key. You are automatically
  guided to the first level of the menu.
  Rotate the knob to view the other choices
  on the first level of the menu. 
  The menu will automatically timeout after 
  about 20 seconds of inactivity. You will be 
  returned to the operation in progress prior 
  to entering the menu.
3
Display Annunciators
To review the display annunciators, hold down the  key as you 
turn on the instrument. 
SCAN
MON
VIEW
CONFIG
ADRS
RMT
ERROR
EXT
ONCE
MEM
LAST
MIN
MAX
SHIFT
4W
OC
Scan is in progress or enabled. Press and hold  again to turn off.
Monitor mode is enabled. Press  again to turn off.
Scanned readings, alarms, errors, or relay cycles are being viewed.
Channel configuration is in progress on displayed channel.
Measurement is in progress.
Instrument is addressed to listen or talk over the remote interface.
Instrument is in remote mode (remote interface). 
Hardware or remote interface errors are detected. Press  to read errors.
Instrument is configured for an external scan interval.
Scan Once mode is enabled. Press  to initiate and hold key to disable.
Reading memory overflow; new readings will overwrite the oldest readings. 
Viewed data is the last reading stored during most recent scan. 
Viewed data is the minimum reading stored during most recent scan.
Viewed data is the maximum reading stored during most recent scan.
 has been pressed. Press  again to turn off.
4-wire function is in use on displayed channel.
Offset compensation is enabled on displayed channel.
Alarms are enabled on displayed channel.
Mx+B scaling is enabled on displayed channel. 
HI or LO alarm condition has occurred on indicated alarms.
4
The Rear Panel at a Glance
WARNING For protection from electrical shock, the power cord ground must not bedefeated. If only a two-contact electrical outlet is available, connect the
instrument’s chassis ground screw (see above) to a good earth ground.
1 Slot Identifier (100, 200, 300)
2 Ext Trig Input / Alarm Outputs /  Channel
  Advance Input / Channel Closed Output
  (for pinouts, see pages 83 and 128)
3 RS-232 Interface Connector
4 Power-Line Fuse-Holder Assembly
5 Power-Line Voltage Setting
6 Chassis Ground Screw
7 GP-IB (IEEE-488) Interface Connector
Use the Menu to:
   •  Select the GP-IB or RS-232 interface (see chapter 2).
   •  Set the GP-IB address (see chapter 2).
   •  Set the RS-232 baud rate, parity, and flow control mode (see chapter 2).
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BenchLink Data Logger Software at a Glance
Agilent BenchLink Data Logger is a Windows-based application
designed to make it easy to use the 34970A with your PC for gathering
and analyzing measurements. Use the software to set up your test,
acquire and archive measurement data, and perform real-time display
and analysis of your incoming measurements.
BenchLink Data Logger’s key functions include the following:
• Configure measurements on the spreadsheet-like Scan Setup page.
• Display measurements graphically using the real-time Data Grid,
Strip Chart, Readout, Bar Meter, XY Plot, and Histogram windows.
• Add or configure graphics at any time.
• Use graphical controls to set output voltages, close channels, output
digital values, or view alarms.
• Copy measurement data and graphics to a file or to the Clipboard for
use in other applications.
• Add textual annotation and explanations to measurement results and
test reports. 
• Track readings on a single channel through the Monitor toolbar.
• Enter information into the Event Log automatically or manually
while acquiring measurement data or during post-scan analysis.
• Print scan setups, event logs, and graphics.
• Communicate with the instrument using GPIB, RS-232, modem,
or LAN (using a LAN-to-GPIB gateway).
To install the software, refer to “Installing BenchLink Data Logger
Software” on page 18.
To learn more about the software and its capabilities, refer to the
On-Line Help System for BenchLink Data Logger.
6
The Plug-In Modules at a Glance
For complete specifications on each plug-in module, refer to the module
sections in chapter 9.
   
34901A 20-Channel Armature Multiplexer
• 20 channels of 300 V switching
• Two channels for DC or AC current measurements (100 nA to 1A)
• Built-in thermocouple reference junction
• Switching speed of up to 60 channels per second
• Connects to the internal multimeter
• For detailed information and a module diagram, see page 164.
Each of the 20 channels switches both HI and LO inputs, thus providing
fully isolated inputs to the internal multimeter. The module is divided
into two banks of 10 two-wire channels each. When making four-wire
resistance measurements, channels from Bank A are automatically
paired with channels from Bank B. Two additional fused channels are
included on the module (22 channels total) for making calibrated DC or
AC current measurements with the internal multimeter (external shunt
resistors are not required). You can close multiple channels on this
module only if you have not configured any channels to be part of the
scan list. Otherwise, all channels on the module are break-before-make.
34902A 16-Channel Reed Multiplexer
• 16 channels of 300 V switching
• Built-in thermocouple reference junction
• Switching speed of up to 250 channels per second
• Connects to the internal multimeter
• For detailed information and a module diagram, see page 166.
Use this module for high-speed scanning and high-throughput
automated test applications. Each of the 16 channels switches both
HI and LO inputs, thus providing fully isolated inputs to the internal
multimeter. The module is divided into two banks of eight two-wire
channels each. When making four-wire resistance measurements,
channels from Bank A are automatically paired with channels from
Bank B. You can close multiple channels on this module only if you have
not configured any channels to be part of the scan list. Otherwise, all
channels on the module are break-before-make.
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To Connect Wiring to a Module   
6 mm 
20 AWG Typical 
Channel Number:
Slot  Channel
5  Install the module into mainframe. Wiring Hints...
•  For detailed information on each module, 
   refer to the section starting on page 163.
•  To reduce wear on the internal DMM relays, 
   wire like functions on adjacent channels.
•  For information on grounding and shielding,
   see page 335.
•  The diagrams on the next page show how to 
   connect wiring to a multiplexer module for 
   each measurement function.   
1  Remove the module cover.  2  Connect wiring to the screw terminals.
 4  Replace the module cover.
Cable Tie Wrap
(optional)
3  Route wiring through strain relief.
Chapter 1 Quick Start
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DC Voltage / AC Voltage / Frequency  Thermocouple
Thermocouple Types:  B, E, J, K, N, R, S, T
See page 351 for thermocouple color codes.
Ranges:  100 mV, 1 V, 10 V, 100 V, 300 V
4-Wire Ohms / RTD2-Wire Ohms / RTD / Thermistor
Ranges:  100, 1 k, 10 k, 100 k, 1 M, 10 M, 100 MΩ
RTD Types:  0.00385, 0.00391
Thermistor Types:  2.2 k, 5 k, 10 k
Channel n (source) is automatically paired with 
Channel n+10 (sense) on the 34901A or 
Channel n+8 (sense) on the 34902A.
Ranges:  100, 1 k, 10 k, 100 k, 1 M, 10 M, 100 MΩ
RTD Types:  0.00385, 0.00391
DC Current / AC Current
Valid only on channels 21 and 22 on the 34901A.
Ranges:  10 mA, 100 mA, 1A
1
Chapter 1 Quick Start
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Remote Interface 
Reference 
 5
 IEEE 488.2 Common Commands 
*CLS
*ESR?
*ESE <enable_value>
*ESE?
*IDN?
*OPC
*OPC?
*PSC {0|1}
*PSC?
*RST
*SAV {0|1|2|3|4|5}
*RCL {0|1|2|3|4|5}
*STB?
*SRE <enable_value>
*SRE?
*TRG
*TST?
Chapter 5 Remote Interface Reference
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Simplified Programming Overview
This section gives an overview of the basic techniques used to program
the 34970A over the remote interface. This section is only an overview
and does not give all of the details you will need to write your own
application programs. Refer to the remainder of this chapter and also
the application examples in chapter 7 for more details and examples.
You may also want to refer to the documentation provided with your
programming application for details on outputting command strings and
entering data. 
The MEASure? and CONFigure commands provide the most straight-
forward method to program the instrument for scanning. You can select
the measurement function, range, and resolution all in one command.
All other measurement parameters are set to their default values as
shown in the table below.
Measurement Parameter
 Integration Time
 Input Resistance
 AC Filter
 Scan List
 Scan Interval Source
 Scan Count
 Channel Delay
MEASure? and CONFigure Setting   
 1 PLC 
 10 MΩ  (fixed for all DCV ranges)
 20 Hz  (medium filter)
 Redefined when command executed
 Immediate
 1 Scan Sweep
 Automatic Delay
When you configure a channel using MEASure? or CONFigure, it is
important to note that the previous configuration on that channel
is lost. For example, assume that a channel is configured for dc voltage
measurements. When you reconfigure that channel for thermocouple
measurements, the previous range, resolution, and other measurement
attributes are set to their default values.
 5
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Using the MEASure? Command
The MEASure? command provides the easiest way to program the
instrument for scanning. However, this command does not offer much
flexibility. When you execute this command, the instrument uses
default values for the requested measurement configuration and
immediately performs the scan. You cannot change any measurement
attributes (other than function, range, and resolution) before the
measurement is taken. The results are sent directly to the instrument’s
output buffer but readings are not stored in memory. 
Note: Sending MEASure? is functionally the same as sending
CONFigure followed immediately by a READ? command. 
Using the CONFigure Command  
For a little more programming flexibility, use the CONFigure command.
When you execute this command, the instrument uses the default
values for the requested measurement configuration (like the MEASure?
command). However,  the scan is not automatically started and you can
change some measurement attributes before initiating the scan.
This allows you to incrementally change the instrument’s configuration
from the default conditions. The instrument offers a variety of low-level
commands in the ROUTe, SENSe, SOURce, CALCulate, and TRIGger
subsystems. 
Note: Use the INITiate or READ? command to initiate the scan.
The INITiate command stores the readings in memory. Use the FETCh?
command to retrieve the stored readings from memory. 
Chapter 5 Remote Interface Reference
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Using the range and resolution Parameters 
With the MEASure? and CONFigure commands, you can select the
measurement function, range, and resolution all in one command.
Use the range parameter to specify a fixed range larger than the
expected value of the input signal. You can also set the range parameter
to AUTO to select autoranging.
For frequency and period measurements, the instrument uses one
“range” for all inputs between 3 Hz and 300 kHz. The range parameter
is required only to specify the resolution. Therefore, it is not necessary
to send a new command for each new frequency to be measured. 
Use the resolution parameter to specify the desired resolution for
the measurement. Setting the resolution also sets the integration time
for the measurement. The following table shows the relationship
between integration time, measurement resolution, number of digits,
and number of bits. 
Integration Time Resolution Digits Bits
0.02 PLC
0.2 PLC
1 PLC
2 PLC
10 PLC
20 PLC
100 PLC
200 PLC
 < 0.0001 x Range
 < 0.00001 x Range
< 0.000003 x Range
 < 0.0000022 x Range
< 0.000001 x Range
 < 0.0000008 x Range
 < 0.0000003 x Range
 < 0.00000022 x Range
41⁄2 Digits
51⁄2 Digits
51⁄2 Digits
61⁄2 Digits
61⁄2 Digits
61⁄2 Digits
61⁄2 Digits
61⁄2 Digits
15
18
20
21
24
25
26
26
Specify the resolution in the same units as the measurement function,
not in number of digits. For example, for dc voltage measurements,
specify the desired resolution in volts. For resistance, specify the desired
resolution in ohms. For frequency, specify the desired resolution in hertz.
 5
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Using the READ? Command 
The READ? command changes the state of the scan trigger system from
the “idle” state to the “wait-for-trigger” state. Scanning will begin when
the specified trigger conditions are satisfied following the receipt of the
READ? command. Readings are then sent immediately to the instrument’s
output buffer. You must then enter the readings into your computer or
the instrument will stop scanning when the output buffer becomes full.
Readings are not stored in the instrument’s internal memory when
using the READ? command. 
Note: Sending the READ? command is like sending the INITiate
command followed immediately by the FETCh? command, except the
readings are not stored in reading memory when using READ?.
Caution
If you send two query commands without reading the response from the
first, and then attempt to read the second response, you may receive some
data from the first response followed by the complete second response.
To avoid this, do not send a query command without first reading the
response. When you cannot avoid this situation, send a Device Clear
before sending the second query command.
Using the INITiate and FETCh? Commands 
The INITiate and FETCh? commands provide the lowest level of
control (with the most flexibility) of scan triggering and reading retrieval.
Use the INITiate command after you have configured the instrument
for a scan. Scanning will begin when the specified trigger conditions are
satisfied following the receipt of the INITiate command. The readings
are placed in the instrument’s internal reading memory (up to 50,000
readings can be stored; if memory fills, new readings will overwrite the
first readings stored). Readings are stored in memory until you are able
to retrieve them.
Use the FETCh? command to transfer all of the readings from reading
memory to the instrument’s output buffer where you can read them into
your computer. Note that the FETCh? command does not clear memory.
You can send the FETCh? command any number of times to retrieve the
same data in reading memory.
Chapter 5 Remote Interface Reference
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 Example:  Using MEASure? 
The following program segment shows how to use the MEASure?
command to make a measurement on one channel. This example
configures the instrument for dc voltage measurements, internally
triggers the instrument to scan one channel, and then sends the reading
to the instrument’s output buffer.
  MEAS:VOLT:DC? 10,0.003,(@301)
This is the simplest way to take a reading. However, you do not have
any flexibility with MEASure? to set the scan count, channel delay, etc.
All measurement parameters except function, range, and resolution are
preset for you automatically (see the table on page 201).
 Example:  Using CONFigure With READ? 
The following program segment shows how to use the READ? command
with CONFigure to make an externally-triggered scan on one channel.
The program configures the instrument for a dc voltage measurement.
Using CONFigure does not place the instrument in the “wait-for-
trigger” state. The READ? command places the instrument in the
“wait-for-trigger” state, scans the channel once when the Ext Trig
terminal is pulsed on the rear panel, and sends the reading to the
instrument’s output buffer.
  CONF:VOLT:DC 10,0.003,(@301)
  TRIG:SOUR EXT 
  READ? 
 5
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 Example:  Using CONFigure With INITiate and FETCh? 
The following program segment is similar to the previous example but it
uses INITiate to place the instrument in the “wait-for-trigger” state.
The INITiate command places the instrument in the “wait-for-trigger”
state, scans the specified channel when the Ext Trig terminal is pulsed
on the rear panel, and sends the reading to reading memory. The FETCh?
command transfers the reading from reading memory to the instrument’s
output buffer. 
  CONF:VOLT:DC 10,0.003,(@301)
  TRIG:SOUR EXT 
  INIT 
  FETC? 
Storing readings in memory using the INITiate command is faster
than sending readings to the output buffer using the READ? command.
The INITiate command is also an “overlapped” command. This means
that after executing the INITiate command, you can send other
commands that do not affect the scan. Note that the FETCh? command
will wait until the scan is complete to terminate. The instrument can
store up to 50,000 readings in internal reading memory. 
Note: To stop a scan that has been started using the INITiate
command, send an ABORt command or Device Clear (see page 302). 
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The MEASure? and CONFigure Commands
Both the MEASure? and CONFigure commands reset all measurement
parameters to their default values. For more information on the default
settings for these commands, see the table on page 201.
• For the range parameter, MIN selects the lowest range for the
selected function; MAX selects the highest range; AUTO or DEF
selects autoranging. For more information on autoranging, refer to
“General Measurement Configuration” starting on page 98.
• For the resolution parameter, specify the resolution in the same units
as the measurement function, not in number of digits. MIN selects
the smallest value accepted, which gives the highest resolution; 
MAX selects the largest value accepted, which gives the least resolution;
DEF selects the default resolution which is 0.000003 x range (1 PLC).
For more information on resolution, see the table on page 203.
 MEASure? Command Syntax 
MEASure:TEMPerature?
  TCouple,{B|E|J|K|N|R|S|T|DEF}
  [,1[,<resolution>|MIN|MAX|DEF}]] ,(@<scan_list>)
Configure the specified channels for thermocouple measurements and
immediately sweep through the scan list one time. Note that this command
also redefines the scan list. The readings are sent directly to the
instrument’s output buffer but the readings are not stored in reading
memory. The default (DEF) transducer type is a J-Type thermocouple.
 5
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MEASure:TEMPerature?
{RTD|FRTD},{85|91|DEF}
  [,1[,<resolution>|MIN|MAX|DEF}]] ,(@<scan_list>)
Configure the specified channels for 2-wire or 4-wire RTD measurements
and immediately sweep through the scan list one time. Use “85” to
specify α = 0.00385 or “91” to specify α = 0.00391. Note that this command
also redefines the scan list. The readings are sent directly to the
instrument’s output buffer but the readings are not stored in reading
memory. The default (DEF) type is “85” (α = 0.00385).
For 4-wire RTD measurements (FRTD), the instrument automatically
pairs channel n with channel n+10 (34901A) or n+8 (34902A) to provide
the source and sense connections. For example, make the source
connections to the HI and LO terminals on channel 2 and the sense
connections to the HI and LO terminals on channel 12. Specify the
paired channel in the lower bank (source) as the scan_list channel.
MEASure:TEMPerature?
{THERmistor},{2252|5000|10000|DEF}
  [,1[,<resolution>|MIN|MAX|DEF}]] ,(@<scan_list>)
Configure the specified channels for thermistor measurements and
immediately sweep through the scan list one time. Note that this command
also redefines the scan list. The readings are sent directly to the
instrument’s output buffer but the readings are not stored in reading
memory. The default (DEF) transducer type is a 5 kΩ thermistor.
MEASure:VOLTage:DC?
MEASure:VOLTage:AC?
[{<range>|AUTO|MIN|MAX|DEF}
    [,<resolution>|MIN|MAX|DEF}],] (@<scan_list>)
Configure the specified channels for dc or ac voltage measurements and
immediately sweep through the scan list one time. Note that this command
also redefines the scan list. The readings are sent directly to the
instrument’s output buffer but the readings are not stored in reading
memory. For ac measurements, the resolution is actually fixed at
61⁄2 digits; the resolution parameter only affects the number of digits
shown on the front-panel. 
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MEASure:RESistance?
MEASure:FRESistance?
[{<range>|AUTO|MIN|MAX|DEF}
  [,<resolution>|MIN|MAX|DEF}],] (@<scan_list>)
Configure the specified channels for 2-wire or 4-wire measurements and
immediately sweep through the scan list one time. Note that this command
also redefines the scan list. The readings are sent directly to the output
buffer but the readings are not stored in reading memory.
For 4-wire measurements (FRES), the instrument automatically pairs
channel n with channel n+10 (34901A) or n+8 (34902A) to provide the
source and sense connections. For example, make the source connections
to the HI and LO terminals on channel 2 and the sense connections to
the HI and LO terminals on channel 12. Specify the paired channel in
the lower bank (source) as the scan_list channel.
MEASure:CURRent:DC?
MEASure:CURRent:AC?
[{<range>|AUTO|MIN|MAX|DEF}
  [,<resolution>|MIN|MAX|DEF}],] (@<scan_list>)
Note: Current measurements are allowed only on channels 21 and 22 
on the 34901A multiplexer module.
Configure the specified channels for dc or ac current measurements and
immediately sweep through the scan list one time. Note that this command
also redefines the scan list. The readings are sent directly to the
instrument’s output buffer but the readings are not stored in reading
memory. For ac measurements, the resolution is actually fixed at
61⁄2 digits; the resolution parameter only affects the number of digits
shown on the front-panel. 
MEASure:FREQuency?
MEASure:PERiod?
[{<range>|AUTO|MIN|MAX|DEF}
  [,<resolution>|MIN|MAX|DEF}],] (@<scan_list>)
Configure the specified channels for frequency or period measurements
and immediately sweep through the scan list one time. Note that this
command also redefines the scan list. The readings are sent directly to
the instrument’s output buffer but the readings are not stored
in reading memory. With no signal applied, “0” is returned.
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MEASure:DIGital:BYTE? (@<scan_list>)
Configure the instrument to read the specified digital input channels on
the multifunction module and immediately sweep through the scan list
one time. Note that this command also redefines the scan list. The readings
are sent directly to the instrument’s output buffer but the readings are
not stored in reading memory. The digital input channels are numbered
“s01” (LSB) and “s02” (MSB), where s represents the slot number. 
Note that if you include both digital input channels in the scan list,
the instrument will read data from both ports simultaneously with the
same time stamp. This will allow you to externally combine the two
8-bit value into one 16-bit value. 
MEASure:TOTalize? {READ|RRESet} ,(@<scan_list>)
Configure the instrument to read the count on the specified totalizer
channels on the multifunction module and immediately sweep through
the scan list one time. Note that this command also redefines the scan list.
The readings are sent directly to the instrument’s output buffer but the
readings are not stored in reading memory. The totalizer channel is
numbered “s03”, where s represents the slot number. 
To read the totalizer during the scan without resetting the count, select
the READ parameter. To read the totalizer during the scan and reset the
count to “0” after it is read, select the RRESet parameter (this means
“read and reset”). 
Chapter 5 Remote Interface Reference
The MEASure? and CONFigure Commands  
210
 CONFigure Command Syntax 
CONFigure:TEMPerature
{TCouple},{B|E|J|K|N|R|S|T|DEF}
  [,1[,<resolution>|MIN|MAX|DEF}]] ,(@<scan_list>)
Configure the specified channels for thermocouple measurements but
do not initiate the scan. Note that this command also redefines the scan list.
The default (DEF) transducer type is a J-Type thermocouple.
CONFigure:TEMPerature
{RTD|FRTD},{85|91|DEF}
  [,1[,<resolution>|MIN|MAX|DEF}]] ,(@<scan_list>)
Configure the specified channels for 2-wire or 4-wire RTD measurements
but do not initiate the scan. Use “85” to specify α = 0.00385 or “91” to
specify α = 0.00391. Note that this command also redefines the scan list.
The default (DEF) type is “85” (α = 0.00385).
For 4-wire RTD measurements (FRTD), the instrument automatically
pairs channel n with channel n+10 (34901A) or n+8 (34902A) to provide
the source and sense connections. For example, make the source
connections to the HI and LO terminals on channel 2 and the sense
connections to the HI and LO terminals on channel 12. Specify the
paired channel in the lower bank (source) as the scan_list channel.
CONFigure:TEMPerature
{THERmistor},{2252|5000|10000|DEF}
  [,1[,<resolution>|MIN|MAX|DEF}]] ,(@<scan_list>)
Configure the specified channels for thermistor measurements but
do not initiate the scan. Note that this command also redefines the scan list.
The default (DEF) transducer type is a 5 kΩ thermistor.
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CONFigure:VOLTage:DC
CONFigure:VOLTage:AC
[{<range>|AUTO|MIN|MAX|DEF}
[,<resolution>|MIN|MAX|DEF}],] (@<scan_list>)
Configure the specified channels for dc or ac voltage measurements but
do not initiate the scan. Note that this command also redefines the scan list.
For ac measurements, the resolution is actually fixed at 61⁄2 digits;
the resolution parameter only affects the number of digits shown on the
front-panel. 
CONFigure:RESistance
CONFigure:FRESistance
[{<range>|AUTO|MIN|MAX|DEF}
[,<resolution>|MIN|MAX|DEF}],] (@<scan_list>)
Configure the specified channels for 2-wire or 4-wire measurements but
do not initiate the scan. Note that this command also redefines the scan list.
For 4-wire measurements (FRES), the instrument automatically pairs
channel n with channel n+10 (34901A) or n+8 (34902A) to provide the
source and sense connections. For example, make the source connections
to the HI and LO terminals on channel 2 and the sense connections to
the HI and LO terminals on channel 12. Specify the paired channel in
the lower bank (source) as the scan_list channel.
CONFigure:CURRent:DC
CONFigure:CURRent:AC
[{<range>|AUTO|MIN|MAX|DEF}
[,<resolution>|MIN|MAX|DEF}],] (@<scan_list>)
Note: Current measurements are allowed only on channels 21 and 22 
on the 34901A multiplexer module.
Configure the specified channels for dc or ac current measurements but
do not initiate the scan. Note that this command also redefines the scan list.
For ac measurements, the resolution is actually fixed at 61⁄2 digits;
the resolution parameter only affects the number of digits shown on
the front-panel. 
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CONFigure:FREQuency
CONFigure:PERiod
[{<range>|AUTO|MIN|MAX|DEF}
[,<resolution>|MIN|MAX|DEF}],] (@<scan_list>)
Configure the specified channels for frequency or period measurements
but do not initiate the scan. For frequency and period measurements,
the range parameter is ignored. Note that this command also redefines
the scan list.
CONFigure:DIGital:BYTE (@<scan_list>)
Configure the instrument to read the specified digital input channels
on the multifunction module but do not initiate the scan. Note that this
command also redefines the scan list. The digital input channels are
numbered “s01” (LSB) and “s02” (MSB), where s is the slot number.
Note that if you include both digital input channels in the scan list,
the instrument will read data from both ports simultaneously with the
same time stamp. This will allow you to externally combine the two
8-bit value into one 16-bit value. 
CONFigure:TOTalize {READ|RRESet} ,(@<scan_list>)
Configure the instrument to read the specified totalizer channels on the
multifunction module but do not initiate the scan. Note that this command
also redefines the scan list. The totalizer channel is numbered “s03”,
where s represents the slot number.
To read the totalizer during the scan without resetting the count, select
the READ parameter. To read the totalizer during the scan and reset the
count to “0” after it is read, select the RRESet parameter (this means
“read and reset”). 
CONFigure? [(@<ch_list>)]
Query the present configuration on the specified channels and return a
series of quoted strings. If you omit the optional ch_list parameter,
the instrument uses the active scan list. The command returns a series
of comma-separated fields as shown in the example below. Each field
contains the function, range, and resolution. 
"FRES +1.000000E+02,+3.000000E-04" , "TEMP TC,K,+1.000000E+00,+3.000000E-06"
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Setting the Function, Range, and Resolution
See also “General Measurement Configuration” in chapter 4 starting
on page 98.
• For 4-wire measurements, the instrument automatically pairs
channel n with channel n+10 (34901A) or n+8 (34902A) to provide the
source and sense connections. Specify the paired channel in the lower
bank (source) as the ch_list channel.
• Current measurements are allowed only on channels 21 and 22 
on the 34901A multiplexer module.
[SENSe:]FUNCtion "<function>"[,(@<ch_list>)]
Select the measurement function on the specified channels. The function
name must be enclosed in quotes in the command string (for example,
FUNC "VOLT:DC"). Specify one of the following strings to set the function.
 TEMPerature
 VOLTage[:DC]
 VOLTage:AC
 RESistance
 FRESistance 
CURRent[:DC]  
CURRent:AC  
FREQuency
PERiod
• Note that when you change the measurement function on a channel,
all of the other measurement attributes (range, resolution, etc.) are
set to their default values.
• You cannot set any function-specific measurement attributes unless
the channel is already configured for that function. For example,
you cannot set the ac filter unless that channel is already configured
for ac voltage or ac current measurements.
[SENSe:]FUNCtion? [(@<ch_list>)]
Query the measurement function on the specified channels and return
a quoted string. The short form of the function name is always returned
(for example, "VOLT"). 
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[SENSe:]
  VOLTage:DC:RANGe {<range>|MIN|MAX}[,(@<ch_list>)]
  VOLTage:AC:RANGe {<range>|MIN|MAX}[,(@<ch_list>)]
  RESistance:RANGe {<range>|MIN|MAX}[,(@<ch_list>)]
  FRESistance:RANGe {<range>|MIN|MAX}[,(@<ch_list>)]
  CURRent:DC:RANGe {<range>|MIN|MAX}[,(@<ch_list>)]
  CURRent:AC:RANGe {<range>|MIN|MAX}[,(@<ch_list>)]
FREQuency:VOLTage:RANGe {<range>|MIN|MAX}[,(@<ch_list>)]
  PERiod:VOLTage:RANGe {<range>|MIN|MAX}[,(@<ch_list>)]
Select the measurement range for the function selected on the specified
channels. MIN selects the lowest range. MAX selects the highest range. 
[SENSe:]
  VOLTage:DC:RANGe? [{(@<ch_list>)|MIN|MAX}]
  VOLTage:AC:RANGe? [{(@<ch_list>)|MIN|MAX}]
  RESistance:RANGe? [{(@<ch_list>)|MIN|MAX}]
  FRESistance:RANGe? [{(@<ch_list>)|MIN|MAX}]
  CURRent:DC:RANGe? [{(@<ch_list>)|MIN|MAX}]
  CURRent:AC:RANGe? [{(@<ch_list>)|MIN|MAX}]
  FREQuency:VOLTage:RANGe? [{(@<ch_ list>)|MIN|MAX}]
  PERiod:VOLTage:RANGe? [{(@<ch_list>)|MIN|MAX}]
Query the measurement range on the specified channels. Returns a
number in the form “+1.00000000E+01”.
[SENSe:]
  VOLTage:DC:RANGe:AUTO {OFF|ON}[,(@<ch_list>)]
  VOLTage:AC:RANGe:AUTO {OFF|ON}[,(@<ch_list>)]
  RESistance:RANGe:AUTO {OFF|ON}[,(@<ch_list>)]
  FRESistance:RANGe:AUTO {OFF|ON}[,(@<ch_list>)]
  CURRent:DC:RANGe:AUTO {OFF|ON}[,(@<ch_list>)]
  CURRent:AC:RANGe:AUTO {OFF|ON}[,(@<ch_list>)]
  FREQuency:VOLTage:RANGe:AUTO {OFF|ON}[,(@<ch_list>)]
  PERiod:VOLTage:RANGe:AUTO {OFF|ON}[,(@<ch_list>)]
Disable or enable autoranging on the specified channels. Autoranging
thresholds:  Down ranges at <10% of range; Up range at >120% of range.
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[SENSe:]
  VOLTage:DC:RANGe:AUTO? [(@<ch_list>)]
  VOLTage:AC:RANGe:AUTO? [(@<ch_list>)]
  RESistance:RANGe:AUTO? [(@<ch_list>)]
  FRESistance:RANGe:AUTO? [(@<ch_list>)]
  CURRent:DC:RANGe:AUTO? [(@<ch_list>)]
  CURRent:AC:RANGe:AUTO? [(@<ch_list>)]
  FREQuency:VOLTage:RANGe:AUTO? [(@<ch_list>)]
  PERiod:VOLTage:RANGe:AUTO? [(@<ch_list>)]
Query the autorange setting on the specified channels. Returns “0” (OFF)
or “1” (ON).
[SENSe:]
  VOLTage:DC:RESolution {<resolution>|MIN|MAX}[,(@<ch_list>)]
  RESistance:RESolution {<resolution>|MIN|MAX}[,(@<ch_list>)]
  FRESistance:RESolution {<resolution>|MIN|MAX}[,(@<ch_list>)]
  CURRent:DC:RESolution {<resolution>|MIN|MAX}[,(@<ch_list>)]   
Select the resolution for the function selected on the specified channels.
Specify the resolution in the same units as the measurement function,
not in number of digits. MIN selects the smallest value accepted for this
parameter, which gives the most resolution. MAX selects the largest
value accepted for this parameter, which gives the least resolution.
For more information on the relationship between integration time,
measurement resolution, number of digits, and number of bits, see the
table on page 203.
[SENSe:]
  VOLTage:DC:RESolution? [{(@<ch_list>)|MIN|MAX}]
  RESistance:RESolution? [{(@<ch_list>)|MIN|MAX}]
  FRESistance:RESolution? [{(@<ch_list>)|MIN|MAX}]
  CURRent:DC:RESolution? [{(@<ch_list>)|MIN|MAX}]
Query the resolution setting on the specified channels. Returns a
number in the form “+3.00000000E-05”.
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[SENSe:]
  VOLTage:DC:APERture {<time>|MIN|MAX}[,(@<ch_list>)]
  RESistance:APERture {<time>|MIN|MAX}[,(@<ch_list>)]
  FRESistance:APERture {<time>|MIN|MAX}[,(@<ch_list>)]
  CURRent:DC:APERture {<time>|MIN|MAX}[,(@<ch_list>)]
Select the aperture time for the function selected on the specified channels.
MIN selects the smallest value accepted for this parameter, which gives
the lowest resolution. MAX selects the largest value accepted for this
parameter, which gives the highest resolution.  
For more information on aperture time, refer to “Custom A/D Integration
Time” in chapter 4 starting on page 103.
[SENSe:]
  VOLTage:DC:APERture? [{(@<ch_list>)|MIN|MAX}]
  RESistance:APERture? [{(@<ch_list>)|MIN|MAX}]
  FRESistance:APERture? [{(@<ch_list>)|MIN|MAX}]
  CURRent:DC:APERture? [{(@<ch_list>)|MIN|MAX}]
Query the aperture time setting on the specified channels. Returns a
number in the form “+1.66666700E-02”.
[SENSe:]
  FREQuency:APERture {0.01|0.1|1|MIN|MAX}[,(@<ch_list>)]
  PERiod:APERture {0.01|0.1|1|MIN|MAX}[,(@<ch_list>)]
Select the aperture time (or gate time) for frequency or period
measurements on the specified channels. Specify 10 ms (41⁄2 digits),
100 ms (default; 51⁄2 digits), or 1 second (61⁄2 digits). MIN = 0.01 seconds.
MAX = 1 second.
[SENSe:]
  FREQuency:APERture? [{(@<ch_list >)|MIN|MAX}]
  PERiod:APERture? [{(@<ch_list>)|MIN|MAX}]
Query the aperture time for frequency or period measurements on the
specified channels. Returns a number in the form “+1.00000000E-01”.
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[SENSe:]
  TEMPerature
    :NPLC {0.02|0.2|1|2|10|20|100|200|MIN|MAX}[,(@<ch_list>)]
  VOLTage:DC
    :NPLC {0.02|0.2|1|2|10|20|100|200|MIN|MAX}[,(@<ch_list>)]
  RESistance
    :NPLC {0.02|0.2|1|2|10|20|100|200|MIN|MAX}[,(@<ch_list>)]
  FRESistance
    :NPLC {0.02|0.2|1|2|10|20|100|200|MIN|MAX}[,(@<ch_list>)]
  CURRent:DC
    :NPLC {0.02|0.2|1|2|10|20|100|200|MIN|MAX}[,(@<ch_list>)]
Set the integration time in number of power line cycles (PLCs) on the
specified channels. The default is 1 PLC. MIN = 0.02. MAX = 200.  
For more information on the relationship between integration time,
measurement resolution, number of digits, and number of bits, see the
table on page 203. For more information on integration time, refer to
“Custom A/D Integration Time” in chapter 4 starting on page 103.
[SENSe:]
  TEMPerature:NPLC? [{(@<ch_list>)|[MIN|MAX}]
  VOLTage:DC:NPLC? [{(@<ch_list>)|[MIN|MAX}]
  RESistance:NPLC? [{(@<ch_list>)|[MIN|MAX}]
  FRESistance:NPLC? [{(@<ch_list>)|[MIN|MAX}]
  CURRent:DC:NPLC? [{(@<ch_list>)|[MIN|MAX}]
Query the integration time on the specified channels. Returns a number
in the form “+1.00000000E+00”.
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Temperature Configuration Commands
See also “Temperature Measurement Configuration” in chapter 4 starting
on page 106.
 General Temperature Commands 
UNIT
  :TEMPerature {C|F|K}[,(@<ch_list>)]
:TEMPerature? [(@<ch_list>)]
Select the temperature measurement units on the specified channels.
The default is “C”. The :TEMP? query returns the temperature
measurement units currently selected. Returns “C”, “F”, or “K”.
[SENSe:]TEMPerature:TRANsducer
  :TYPE {TCouple|RTD|FRTD|THERmistor|DEF}[,(@<ch_list>)]
:TYPE? [(@<ch_list>)]
Select the type of temperature transducer to use for measurements on
the specified channels. Select from TC (thermocouple), RTD (2-wire RTD),
FRTD (4-wire RTD), or THER (thermistor) . The default is TC. The
:TYPE? query returns the current temperature transducer type on the
specified channels. Returns “TC”, “RTD”, “FRTD”, or “THER”.
[SENSe:]TEMPerature
  :NPLC {0.02|0.2|1|2|10|20|100|200|MIN|MAX}[,(@<ch_list>)]
Set the integration time in number of power line cycles (PLCs) on the
specified channels. The default is 1 PLC. MIN = 0.02. MAX = 200.  
For more information on the relationship between integration time,
measurement resolution, number of digits, and number of bits, see the
table on page 203. For more information on time, refer to “Custom A/D
Integration Time” in chapter 4 starting on page 103.
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Thermocouple Commands 
[SENSe:]TEMPerature:TRANsducer
  :TCouple:TYPE {B|E|J|K|N|R|S|T}[,(@<ch_list>)]
:TCouple:TYPE? [(@<ch_list>)]
Select the thermocouple type to use on the specified channels.
The default is a J-Type thermocouple. The :TYPE? query returns the
thermocouple type currently in use. Returns “B”, “E”, “J”, “K”, “N”, “R”,
“S”, or “T”.
[SENSe:]TEMPerature:TRANsducer:TCouple
  :RJUNction:TYPE {INTernal|EXTernal|FIXed}[,(@<ch_list>)]
:RJUNction:TYPE? [(@<ch_list>)]
Thermocouple measurements require a reference junction temperature.
For the reference junction temperature, you can use an internal
measurement on the module, an external thermistor or RTD measurement,
or a known fixed junction temperature. The default is “INTernal”.
The :TYPE? query returns the source currently selected. Returns “INT”,
“EXT”, or “FIX”.
• If you select an external reference, the instrument automatically
reserves channel 01 on the multiplexer in the lowest slot as the
reference channel (thermistor or RTD measurement). If you have
more than one multiplexer installed, channel 01 on the module in the
lowest slot is used as the reference for the entire instrument. 
• Before configuring a thermocouple channel with an external
reference, you must configure the reference channel (channel 01)
for a thermistor or RTD measurement. An error is generated if you
attempt to select the external reference source before configuring the
reference channel. An error is also generated if you change the
function on the reference channel after selecting the external
reference for a thermocouple channel.
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[SENSe:]TEMPerature:TRANsducer
  :TCouple:CHECk {OFF|ON}[,(@<ch_list>)]
:TCouple:CHECk? [(@<ch_list>)]
Disable or enable the thermocouple check feature to verify that your
thermocouples are properly connected to the screw terminals for
measurements. If you enable this feature, the instrument measures the
channel resistance after each thermocouple measurement to ensure a
proper connection. If an open connection is detected (greater than 5 kΩ
on the 10 kΩ range), the instrument reports an overload condition for
that channel. The default is “OFF”. The :CHEC? query returns the
thermocouple check setting. Returns “0” (OFF) or “1” (ON). 
[SENSe:]TEMPerature:TRANsducer:TCouple
  :RJUNction {<temperature>|MIN|MAX}[,(@<ch_list>)]
:RJUNction? [(@<ch_list>)]
Set the fixed reference junction temperature for thermocouple
measurements on the specified channels. Specify a temperature
between -20 °C and +80 °C (always specify the temperature in °C
regardless of the temperature units selected). The default is 0 °C.
The :RJUN? query returns the fixed junction temperature (in °C)
currently selected. MIN selects -20 °C. MAX selects +80 °C.
[SENSe:]TEMPerature:RJUNction? [(@<ch _list>)]
Query the internal reference junction temperature on the specified
channels (useful only for an internal reference source). Returns the
reference temperature in °C regardless of the temperature units
currently selected. Returns a number in the form “+2.89753100E+01”.
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 RTD Commands 
[SENSe:]TEMPerature:TRANsducer
  :RTD:TYPE {85|91}[,(@<ch_list>)]
:RTD:TYPE? [(@<ch_list>)]
  :FRTD:TYPE {85|91}[,(@<ch_list>)]
  :FRTD:TYPE? [(@<ch_list>)]
Select the RTD type for 2-wire or 4-wire measurements on the specified
channels. Use “85” to specify α = 0.00385 (ITS-90 software conversions) 
or “91” to specify α = 0.00391 (IPTS-68 software conversions).
The default is “85”. The :TYPE? query returns the RTD type in use on
the specified channels. Returns “+85” or “+91”.
[SENSe:]TEMPerature:TRANsducer
  :RTD:RESistance[:REFerence] <reference>[,(@<ch_list>)]
  :RTD:RESistance[:REFerence]? [(@<ch_list>)]
:FRTD:RESistance[:REFerence] <reference>[,(@<ch_list>)]
  :FRTD:RESistance[:REFerence]? [(@<ch_list>)]
Set the nominal resistance (R0) for RTD measurements on the specified
channels. Select a value between 49Ω and 2.1 kΩ. The default is 100Ω.
The :REF? query returns the nominal resistance (R0) in use on the
specified channels. Returns a number in the form “+1.00000000E+02”.
 Thermistor Commands 
[SENSe:]TEMPerature:TRANsducer
  :THERmistor:TYPE {2252|5000|10000}[,(@<ch_list>)]
:THERmistor:TYPE? [(@<ch_list>)]
Select the thermistor type for measurements on the specified channels.
The default is a 5 kΩ thermistor. The :TYPE? query returns the
thermistor type in use on the specified channels. Returns “2252”, “5000”,
or “10000”.
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Voltage Configuration Commands
See also “Voltage Measurement Configuration” in chapter 4 starting on
page 113.
INPut
  :IMPedance:AUTO {OFF|ON}[,(@<ch_list>)]
  :IMPedance:AUTO? [(@<ch_list>)]
Disable or enable the automatic input resistance mode for dc voltage
measurements on the specified channels. With AUTO OFF (default),
the input resistance is fixed at 10 MΩ for all ranges. With AUTO ON,
the input resistance is set to >10 GΩ for the 100 mV, 1 V, and 10 V
ranges. The :AUTO? query returns the input resistance setting on the
specified channels. Returns “0” (OFF) or “1” (ON). 
[SENSe:]
  VOLTage:AC:BANDwidth {3|20|200|MIN|MAX}[,(@<ch_list>)]
  VOLTage:AC:BANDwidth? [{(@<ch_list>)|MIN|MAX}]
Specify the lowest frequency expected in the input signal for ac voltage
measurements on the specified channels. The instrument selects the
slow, medium (default), or fast ac filter based on the frequency you
specify. MIN = 3 Hz. MAX = 200 Hz. The :BAND? query returns the
ac filter setting on the specified channels. Returns “3”, “20”, or “200”. 
[SENSe:]
  ZERO:AUTO {OFF|ONCE|ON}[,(@<ch_list>)]
  ZERO:AUTO? [{(@<ch_list>)]
Disable or enable (default) the autozero mode. The OFF and ONCE
parameters have a similar effect. Autozero OFF does not issue a new
zero measurement until the next time the instrument goes to the
“wait-for-trigger” state. Autozero ONCE issues an immediate zero
measurement. The :AUTO? query the autozero mode. Returns “0”
(OFF or ONCE) or “1” (ON).
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Scanning Overview
See also “Scanning” in chapter 4 starting on page 74.
The instrument allows you to combine a DMM (either internal or external)
with multiplexer channels to create a scan. During a scan, the instrument
connects the DMM to the configured multiplexer channels one at a time
and makes a measurement on each channel. 
Any channel that can be “read” by the instrument can also be included
in a scan. This includes any combination of temperature, voltage,
resistance, current, frequency, or period measurements on multiplexer
channels. A scan can also include a read of a digital port or a read of the
totalizer count on the multifunction module. 
Rules for Scanning
• Before you can initiate a scan, you must set up a scan list to include
all desired multiplexer or digital channels. Channels which are not
in the scan list are skipped during the scan. The instrument
automatically scans the list of channels in ascending order from
slot 100 through slot 300. Measurements are taken only during a
scan and only on those channels which are included in the scan list.
The “  ” (sample) annunciator turns on during each measurement. 
• You can store up to 50,000 readings in non-volatile memory during
a scan. Readings are stored only during a scan and all readings are
automatically time stamped. If memory overflows (the MEM annunciator
will turn on), a status register bit is set and new readings will
overwrite the first readings stored (the most recent readings are
always preserved). You can read the contents of memory at any time,
even during a scan. Reading memory is not cleared when you read it.
• Each time you start a new scan, the instrument clears all readings
(including alarm data) stored in reading memory from the previous
scan. Therefore, the contents of memory are always from the most
recent scan. 
• If you abort a scan that is running, the instrument will complete the
one measurement in progress (the entire scan will not be completed)
and the scan will stop. You cannot resume the scan from where it
left off. If you initiate a new scan, all readings are cleared from memory.
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• You can use either the internal DMM or an external DMM to make
measurements of your configured channels. However, the instrument
allows only one scan list at a time; you cannot scan some channels
using the internal DMM and others using an external DMM.
Readings are stored in 34970A memory only when the internal DMM
is used.
• If the internal DMM is installed and enabled, the instrument will
automatically use it for scanning. For externally-controlled scans,
you must either remove the internal DMM from the  34970A
or disable it (see “Internal DMM Disable” on page 145).
Scan Interval
You can configure the event or action that controls the onset of each
sweep through the scan list (a sweep is one pass through the scan list):
• You can set the instrument’s internal timer to automatically scan at a
specific interval. You can also program a time delay between
channels in the scan list. 
• You can manually control a scan by repeatedly pressing  from
the front panel. 
• You can start a scan by sending a software command from the
remote interface (MEASure? or INITiate command).
• You can start a scan when an external TTL trigger pulse is received.
• You can start a scan when an alarm event is logged on the channel
being monitored.
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 Scanning Commands 
ROUTe
  :SCAN (@<scan_list>)
:SCAN?
Select the channels to be included in the scan list. To start the scan,
use the INITiate or READ? command. To remove all channels from the
scan list, send ROUT:SCAN (@).
The :SCAN? query returns a list of channel numbers in the SCPI
definite length block format. The response begins with the “#” character,
followed by a single character representing the number of succeeding
characters to interpret as a length specifier, followed by a length
specifier representing the number of bytes in the block, followed by a
block of that many bytes. An empty scan list (one with no channels
selected) will be “#13(@)”.
For example, if you send ROUT:SCAN (@101:103), the ROUT:SCAN?
command will return the following:
#214(@101,102,103)
ROUTe:SCAN:SIZE?
Query the number of channels in the scan list. Returns a value between
0 and 120 channels. 
TRIGger
  :SOURce {BUS|IMMediate|EXTernal|ALARm{1|2|3|4}|TIMer}
:SOURce?
Select the trigger source to control the onset of each sweep through the
scan list (a sweep is one pass through the scan list). The selected source
is used for all channels in the scan list. The instrument will accept a
software (bus) command, an immediate (continuous) scan trigger, an
external TTL trigger pulse, an alarm-initiated action, or an internally-
paced timer. The default is “IMMediate”. The :SOUR? query returns the
present scan trigger source. Returns “BUS”, “IMM”, “EXT”, “ALAR1”,
“ALAR2”, “ALAR3”, “ALAR4”, or “TIM”.
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TRIGger
  :TIMer {<seconds>|MIN|MAX}
:TIMer?
Set the scan-to-scan interval (in seconds) for measurements on the
channels in the scan list. This command defines the time from the start
of one scan sweep to the start of the next sweep. You can set the interval
to any value between 0 seconds and 359,999 seconds (99:59:59 hours),
with 1 ms resolution. MIN = 0 seconds. MAX = 359,999 seconds.
The :TIM? query returns the scan-to-scan interval in seconds in the
form “+1.00000000E+01”.
TRIGger
  :COUNt {<count>|MIN|MAX|INFinity}
  :COUNt?
Select the number of times that the instrument will sweep through the
scan list (a sweep is one pass through the scan list). When the specified
number of sweeps have occurred, the scan stops. Select a scan count
between 1 to 50,000 sweeps, or continuous (INFinity). MIN = 1 sweep.
MAX = 50,000 sweeps. 
The :COUN? query returns the scan count in the form “+1.00000000E+01”.
If you specified a continuous scan count, the query command returns
“9.90000200E+37”.
ROUTe
  :CHANnel:DELay <seconds>[,(@<ch_ list>)]
  :CHANnel:DELay? [(@<ch_list>)]
Add a delay between multiplexer channels in the scan list (useful for
high-impedance or high-capacitance circuits). The delay is inserted
between the relay closure and the actual measurement on the channel.
The programmed channel delay overrides the default channel delay that
the instrument automatically adds to each channel. 
You can set the channel delay to any value between 0 seconds and
60 seconds, with 1 ms resolution. You can select a different delay for
each channel. The default channel delay is automatic; the instrument
determines the delay based on function, range, integration time,
and ac filter setting (see “Automatic Channel Delays” on page 89).
The :DEL? query reads the channel delay setting in seconds and returns
a value in the form “+1.00000000E+00”.
 5
Chapter 5 Remote Interface Reference
Scanning Overview  
229
ROUTe
  :CHANnel:DELay:AUTO {OFF|ON}[,(@<ch_list>)]
:CHANnel:DELay:AUTO? [(@<ch_list>)]
Disable or enable an automatic channel delay on the specified channels.
If enabled, the delay is determined by the function, range, integration
time, and ac filter setting (see “Automatic Channel Delays,” on page 89).
Selecting a specific channel delay (using the ROUT:CHAN:DELay command)
disables the automatic channel delay. The :AUTO? query returns the
automatic channel delay setting. Returns “0” (OFF) or “1” (ON). 
ABORt
Abort a scan in progress. 
INITiate
Change the state of the triggering system from the “idle” state to the
“wait-for-trigger” state. Scanning will begin when the specified trigger
conditions are satisfied following the receipt of the INITiate command.
The readings are placed in the instrument’s internal reading memory
(up to 50,000 readings can be stored; if memory fills, new readings will
overwrite the first readings stored). Readings are stored in memory until
you are able to retrieve them. Use the FETCh? command to retrieve
reading results. 
READ?
Change the state of the triggering system from the “idle” state to the
“wait-for-trigger” state. Scanning will begin when the specified trigger
conditions are satisfied following the receipt of the READ? command.
Readings are then sent immediately to the instrument’s output buffer.
You must then enter the readings into your computer or the instrument
will stop scanning when the output buffer becomes full. Readings are not
stored in the instrument’s internal memory when using READ?.
*TRG
Trigger the instrument from the remote interface. 
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 Reading Format Commands 
During a scan, the instrument automatically adds a time stamp to
all readings and stores them in non-volatile memory. Each reading is
stored with measurement units, time stamp, channel number, and
alarm status information. You can specify which information you want
returned with the readings (from the front panel, all of the information
is available for viewing). The reading format applies to all readings
being removed from the instrument from a scan; you cannot set the
format on a per-channel basis. The following is an example of a reading
stored in memory with all fields enabled (relative time is shown).
FORMat
  :READing:ALARm {OFF|ON}
  :READing:ALARm?
Disable (default) or enable the inclusion of alarm data with data
produced by READ?, FETCh?, or other queries of scan results.
This command operates in conjunction with the other FORMat:READing
commands (they are not mutually exclusive). The :ALAR? query reads
whether or not alarm data is included. Returns “0” (OFF) or “1” (ON). 
FORMat
  :READing:CHANnel {OFF|ON}
  :READing:CHANnel?
Disable (default) or enable the inclusion of the channel number with
data produced by READ?, FETCh?, or other queries of scan results.
This command operates in conjunction with the other FORMat:READing
commands (they are not mutually exclusive). The :CHAN? query reads
whether or not the channel is included. Returns “0” (OFF) or “1” (ON). 
1 Reading with Units  (26.195 °C)
2 Time Since Start of Scan  (17 ms)
3 Channel Number
4 Alarm Limit Threshold Crossed  
    
(0 = No Alarm, 1 = LO, 2 = HI)
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FORMat
  :READing:TIME {OFF|ON}
:READing:TIME?
Disable (default) or enable the inclusion of a time stamp with data
produced by READ?, FETCh?, or other queries of scan results. 
This command operates in conjunction with the other FORMat:READing
commands (they are not mutually exclusive). Use the FORMat:READ:
TIME:TYPE command (see below) to select absolute time (time of day
with date) or relative time (time since start of scan). The :TIME? query
reads whether or not the time is included. Returns “0” (OFF) or “1” (ON). 
FORMat
  :READing:UNIT {OFF|ON}
:READing:UNIT?
Disable (default) or enable the inclusion of measurement units with
data produced by READ?, FETCh?, or other queries of scan results.
This command operates in conjunction with the other FORMat:READing
commands (they are not mutually exclusive). The :UNIT? query reads
whether or not the units are included. Returns “0” (OFF) or “1” (ON). 
FORMat
  :READing:TIME:TYPE {ABSolute|RELative}
:READing:TIME:TYPE?
Select the time format for storing scanned data in memory. You can
select absolute time (time of day with date) or relative time (time since
start of scan). The default is relative time. This command operates in
conjunction with the FORMat:READing:TIME command (they are not
mutually exclusive). The :TYPE? query returns “ABS” or “REL”.
Note: The absolute format is considerably slower than the relative format.
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 Scan Statistics Commands 
While a scan is running, the instrument automatically stores the
minimum and maximum readings and calculates the average for each
channel. You can read these values at any time, even during a scan.
The instrument clears the values when a new scan is started, when the
CALC:AVER:CLEAR command (described on the next page) is executed,
after a Factory Reset (*RST command), or after an Instrument Preset
(SYSTem:PRESet command). 
CALCulate:AVERage:MINimum? [(@<ch_list>)]
Read the minimum value found on each of the specified channels during
the scan. Each channel must be a multiplexer channel that has been
configured to be part of the scan list. If no data is available for the
specified channels, “0” is returned. Returns a number in the form
“+2.61920000E+01”.
CALCulate:AVERage:MINimum:TIME? [(@<ch_list>)]
Read the time the minimum reading was taken on the specified channel
during the scan (in full time and date format). This command is not
affected by the FORMat:READ:TIME:TYPE command. Returns the time
in the form “2002,06,02,18,30,00.000” (June 2, 2002 at 6:30 PM).
CALCulate:AVERage:MAXimum? [(@<ch_list>)]
Read the maximum value found on each of the specified channels during
the scan. Each channel must be a multiplexer channel that has been
configured to be part of the scan list. If no data is available for the
specified channels, “0” is returned. Returns a number in the form
“+2.61920000E+01”.
CALCulate:AVERage:MAXimum:TIME? [(@<ch_list>)]
Read the time the minimum reading was taken on the specified channel
during the scan (in full time and date format). The command is not
affected by the FORMat:READ:TIME:TYPE command. Returns the time
in the form “2002,06,02,18,30,00.000” (June 2, 2002 at 6:30 PM).
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CALCulate:AVERage:AVERage? [(@<ch_list>)]
Calculate the mathematical average of all readings taken on each of the
specified channels since the start of the scan. Each channel must be a
multiplexer channel that has been configured to be part of the scan list.
If no data is available for the specified channels, “0” is returned.
Returns a number in the form “+2.61920000E+01”.
CALCulate:AVERage:PTPeak? [(@<ch_list>)]
Calculate the peak-to-peak value of all readings taken on each of the
specified channel since the start of the scan (the difference between the
maximum and minimum reading). Each channel must be a multiplexer
channel that has been configured to be part of the scan list. If no data is
available for the specified channels, “0” is returned. Returns a number
in the form “+0.00000000E+00”.
CALCulate:AVERage:COUNt? [(@<ch_list>)]
Count the number of readings taken on each of the specified channels
since the start of the scan. Each channel must be a multiplexer channel
that has been configured to be part of the scan list. Returns a number in
the form “+5.00000000E+00”.
CALCulate:AVERage:CLEar [(@<ch_list>)]
Clear all values from the statistics registers for the specified channels.
Each channel must be a multiplexer channel that have been configured
to be part of the scan list. The minimum, maximum, average, count, and
peak-to-peak value are cleared. The values for all scanned channels are
also cleared at the start of a new scan. 
DATA:LAST? [<num_rdgs>,][(@<channel>)]
Query the last reading taken on the specified channel (one channel only)
during the scan. Use the optional num_rdgs parameter to specify the
number of readings that you want to retrieve for the specified channel
(oldest data first). If you do not specify a value for num_rdgs, only the
most recent reading on the specified channel is returned. If you specify
more readings than are currently stored in memory, an error is generated.
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 Scan Memory Commands 
You can store up to 50,000 readings in non-volatile memory during
a scan. Readings are stored only during a scan and all readings are
automatically time stamped. If memory overflows (the MEM annunciator
will turn on), a status register bit is set and new readings will overwrite
the first readings stored (the most recent readings are always preserved).
You can read the contents of memory at any time, even during a scan.
Reading memory is not cleared when you read it.
Each reading is stored with measurement units, time stamp, channel
number, and alarm status information. You can specify which information
you want returned with the readings using the FORMat:READing
commands. The following is an example of a reading stored in memory
with all fields enabled (relative time is shown).
DATA:POINts?
Count the total number of readings (from all channels in the scan list)
currently stored in reading memory from a scan. Returns a value
between 0 and 50,000 readings. 
DATA:REMove? <num_rdgs>
Read and erase the specified number of readings from non-volatile
memory. The readings are erased from memory starting with the oldest
reading first. The purpose of this command is to allow you to periodically
remove readings from memory during a scan than would normally cause
reading memory to overflow (for example, during a scan with an infinite
scan count). The output from this command is affected by the
FORM:READ commands (see “Reading Format Commands” on page 231).
1 Reading with Units  (26.195 °C)
2 Time Since Start of Scan  (17 ms)
3 Channel Number
4 Alarm Limit Threshold Crossed  
    
(0 = No Alarm, 1 = LO, 2 = HI)
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SYSTem:TIME:SCAN?
Read the time at the start of the scan. This command is not affected by
the FORMat:READ:TIME:TYPE command. Returns the time in the form
“2002,06,02,18,30,00.000” (June 2, 2002 at 6:30 PM).
FETCh?
Transfer readings stored in non-volatile memory to the instrument’s
output buffer where you can read them into your computer. The readings
are not erased from memory when you read them using FETCh?.
The output from this command is affected by the FORMat:READing
commands (see “Reading Format Commands” on page 231).
R? [<max_count>]
Read and erase all readings from reading memory up to max_count.
The readings are erased from memory starting with the oldest reading.
This is a special version of the DATA:REMove? command with faster
execution time. If you omit the optional max_count parameter, the command
will read and erase up to 50,0000 readings from memory. The output
from this command is affected by the FORMat:READing commands
(see “Reading Format Commands” on page 231).
This command returns a series of readings in SCPI definite length block
format. The response begins with the “#” character, followed by a single
character representing the number of succeeding characters to interpret
as a length specifier, followed by a length specifier representing the
number of bytes in the block, followed by a block of that many bytes. 
For example, the R? command will return a string similar to the
following (two readings are shown):
#231+2.61400000E+01,+2.62400000E+01
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Single-Channel Monitoring Overview
In the Monitor function, the instrument takes readings as often as it can
on a single channel, even during a scan. This feature is useful for trouble-
shooting your system before a test or for watching an important signal.
Any channel that can be “read” by the instrument can be monitored.
This includes any combination of temperature, voltage, resistance,
current, frequency, or period measurements on multiplexer channels.
You can also monitor a digital input port or the totalizer count on the
multifunction module. Monitoring is not allowed with the actuator
module, the matrix module, or the RF multiplexer modules. 
• The Monitor function is equivalent to making continuous
measurements on a single channel with an infinite scan count.
Only one channel can be monitored at a time but you can change the
channel being monitored at any time.
• Readings acquired during a Monitor are not stored in memory but
they are displayed on the front panel (however, all readings from a
scan in progress at the same time are stored in memory). 
• A scan in progress always has priority over the Monitor function.
The instrument will take at least one monitor reading per scan sweep
and will take more as time permits. 
• You can monitor a multiplexer channel only if the internal DMM is
installed and enabled (see “Internal DMM Disable” on page 145).
The channel must also be configured to be part of the scan list. 
• You can monitor a digital input channel or totalizer channel even if
the channel is not part of the scan list (the internal DMM is not
required either). The count on a totalizer channel is not reset when it
is being monitored (the Monitor ignores the totalizer reset mode).
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ROUTe
  :MONitor (@<channel>)
  :MONitor?
Select the channel to be monitored. To turn on the monitor function,
use the ROUT:MON:STATE ON command (see below). The :SCAN? query
returns a list of channel numbers in the SCPI definite length block
format. The response begins with the “#” character, followed by a single
character representing the number of succeeding characters to interpret
as a length specifier, followed by a length specifier representing the
number of bytes in the block, followed by a block of that many bytes.
An empty channel list (one with no channels selected) will be “#13(@)”.
For example, the ROUT:MON? command will return the following if
channel 103 is the channel currently being monitored:
#16(@103)
ROUTe
  :MONitor:STATe {OFF|ON}
:MONitor:STATe?
Disable (default) or enable the Monitor function. If you do not specify
the monitor channel using the ROUT:MON command (see above), the
channel displayed on the front panel is used. The :STAT? query reads
the state of the monitor function. Returns “0” (OFF) or “1” (ON). 
ROUTe:MONitor:DATA?
Read the data from the Monitor function. Returns the reading only;
the units, time, channel, and alarm information is not returned
(the FORMat:READing commands do not apply to monitor readings).
Returns a number in the form “+2.61920000E+01”.
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CALCulate:SCALe:OFFSet:NULL (@<ch_list>)
Make an immediate null measurement on the specified channels and
store it as the offset (“B”) for subsequent measurements. This allows you
to adjust for voltage or resistive offsets through your wiring to the point
of the measurement. 
CALCulate
  :SCALe:STATe {OFF|ON}[,(@<ch_list>)]
:SCALe:STATe? [(@<ch_list>)]
Disable or enable scaling on the specified channels. The :STATe query
returns the state of the scaling function on the specified channels.
Returns “0” (OFF) or “1” (ON). 
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Alarm System Overview
See also “Alarm Limits” in chapter 4 starting on page 122.
The instrument has four alarms which you can configure to alert you
when a reading exceeds specified limits on a channel during a scan.
You can assign a high limit, a low limit, or both to any configured
channel in the scan list. You can assign multiple channels to any of the
four available alarms (numbered 1 through 4). For example, you can
configure the instrument to generate an alarm on the Alarm 1 output
when a limit is exceeded on any of channels 103, 205, or 320. 
You can also assign alarms to channels on the multifunction module.
For example, you can generate an alarm when a specific bit pattern or
bit pattern change is detected on a digital input channel or when a
specific count is reached on a totalizer channel. With the multifunction
module, the channels do not have to be part of the scan list to generate
an alarm. For complete details, see “Using Alarms With the Multifunction
Module” on page 130. 
Alarm data can be stored in one of two locations depending on whether
a scan is running when the alarm occurs.
1. If an alarm event occurs on a channel as it is being scanned, then
that channel’s alarm status is stored in reading memory as the
readings are taken. Each reading that is outside the specified alarm
limits is logged in memory. You can store up to 50,000 readings in
memory during a scan. You can read the contents of reading memory
at any time, even during a scan. Reading memory is not cleared when
you read it.
2. As alarm events are generated, they are also logged in an alarm queue,
which is separate from reading memory. This is the only place where
non-scanned alarms get logged (alarms during a monitor, alarms
generated by the multifunction module, etc.). Up to 20 alarms can be
logged in the alarm queue. If more than 20 alarm events are generated,
they will be lost (only the first 20 alarms are saved). Even if the
alarm queue is full, the alarm status is still stored in reading memory
during a scan. The alarm queue is cleared by the *CLS (clear status)
command, when power is cycled, and by reading all of the entries.
A Factory Reset (*RST  command) does not clear the alarm queue.
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• You can assign an alarm to any configured channel and multiple
channels can be assigned to the same alarm number. However,
you cannot assign alarms on a specific channel to more than one
alarm number.
• When an alarm occurs, the instrument stores relevant information
about the alarm in the queue. This includes the reading that caused
the alarm, the time of day and date of the alarm, and the channel
number on which the alarm occurred. The information stored in the
alarm queue is always in absolute time format and is not affected by
the FORMat:READing:TIME:TYPE command setting.
• You must configure the channel (function, transducer type, etc.)
before setting any alarm limits. If you change the measurement
configuration, alarms are turned off and the limit values are cleared.
Alarms are also turned off when you change the temperature probe
type, temperature units, or disable the internal DMM.
• If you plan to use alarms on a channel which will also use scaling,
be sure to configure the scaling values first. If you attempt to assign
the alarm limits first, the instrument will turn off alarms and clear
the limit values when you enable scaling on that channel. If you
specify a custom measurement label with scaling, it is automatically
used when alarms are logged on that channel.
• If you redefine the scan list, alarms are no longer evaluated on those
channels (during a scan) but the limit values are not cleared. If you
decide to add a channel back to the scan list (without changing the
function), the original limit values are restored and alarms are
turned back on. This makes it easy to temporarily remove a channel
from the scan list without entering the alarm values again. 
• Each time you start a new scan, the instrument clears all readings
(including alarm data) stored in reading memory from the previous
scan. Therefore, the contents of reading memory are always from the
most recent scan. 
• Alarms are logged in the alarm queue only when a reading crosses a
limit, not while it remains outside the limit and not when it returns
to within limits.
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• Four TTL alarm outputs are available on the rear-panel Alarms
connector. You can use these hardware outputs to trigger external
alarm lights, sirens, or send a TTL pulse to your control system.
You can also initiate a scan sweep (no external wiring required) when
an alarm event is logged on a channel. For complete details, refer to
“Using the Alarm Output Lines” on page 128.
• In addition to being stored in reading memory, alarms are also
recorded in their own SCPI status system. You can configure the
instrument to use the status system to generate a Service Request
(SRQ) when alarms are generated. See “The SCPI Status System,”
starting on page 275 for more information. 
• The default values for the upper and lower alarm limits are “0”.
The lower limit must always be less than or equal to the upper limit,
even if you are using only one of the limits.
To ensure that an error is not generated when using only an upper or
lower limit, execute the following command sequence (this example
assumes that you are setting only a lower limit):
CALC:LIMIT:UPPER MAX,(@101);LOWER 9,(@101);LOWER:STATE ON
• A Factory Reset (*RST command) clears all alarm limits and turns off
all alarms. An Instrument Preset (SYSTem:PRESet command) or
Card Reset (SYSTem:CPON command) does not clear the alarm limits
and does not turn off alarms.
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 Alarm Limit Commands 
OUTPut
  :ALARm[1|2|3|4]:SOURce (@<ch_list>)
  :ALARm[1|2|3|4]:SOURce?
Assign the alarm number to report any alarm conditions on the
specified channels. If not assigned, all alarms on all channels are
reported on Alarm 1 by default. 
The :SOUR? query returns a list of channel numbers in the SCPI
definite length block format. The response begins with the “#” character,
followed by a single character representing the number of succeeding
characters to interpret as a length specifier, followed by a length
specifier representing the number of bytes in the block, followed by a
block of that many bytes. An empty scan list (one with no channels
selected) will be “#13(@)”.
For example, if you send OUTP:ALARM1:SOUR (@101:103),
the OUTP:ALARM1:SOUR? command will return the following:
#214(@101,102,103)
CALCulate
  :LIMit:UPPer <value>[,(@<ch_ list>)]
  :LIMit:UPPer? [(@<ch_list>)]
Set the upper limit for alarms on the specified channels. You can set the
value to any number between -120% and +120% of the highest range,
for the present function. The default upper limit is 1.0E+15. The lower
limit must always be less than or equal to the upper limit. The :UPP?
query returns the upper limit for alarms on the specified channels.
CALCulate
  :LIMit:UPPer:STATe {OFF|ON}[,(@<ch_list>)]
  :LIMit:UPPer:STATe? [(@<ch_list>)]
Disable or enable the upper alarm limit on the specified channel.
The :STAT? query returns the state of the upper alarm on the specified
channels. Returns “0” (OFF) or “1” (ON). 
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SYSTem:ERRor?
Query the instrument’s error queue. A record of up to 10 errors is stored
in the instrument’s error queue. Errors are retrieved in first-in-first-out
(FIFO) order. The first error returned is the first error that was stored.
When you have read all errors from the queue, the ERROR annunciator
turns off and the errors are cleared. The error queue is cleared by the
*CLS (clear status) command or when power is cycled. The errors are
also cleared when you read the queue.
See chapter 6 for a complete listing of the 34970A error messages.
SYSTem:ALARm?
Read the alarm data from the alarm queue (one alarm event is read and
cleared each time this command is executed). The following is an example
of an alarm stored in the alarm queue (if no alarm data is in the queue,
the command returns “0” for each field).
SYSTem:VERSion?
Query the instrument to determine the present SCPI version. Returns a
string in the form “YYYY.V”, where “YYYY” represents the year of the
version, and “V” represents a version number for that year (e.g., 1994.0).
*TST?
Perform a complete self-test of the instrument. Returns “+0” if the
self-test is successful, or “+1” if the test fails. 
1 Reading with Units  (31.009 °C)
2 Date  (May 1, 1997)
3 Time  (2:39:40.058 PM)
4 Channel Number
5 Limit Threshold Crossed  (0 = No Alarm, 
    1 = LO, 2 = HI)
6 Alarm Number Reported  (1, 2, 3, or 4)
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Interface Configuration Commands
See also “Remote Interface Configuration” in chapter 4 starting on page 150.
SYSTem:INTerface {GPIB|RS232}
Select the remote interface. Only one interface can be enabled at a time.
The GPIB interface is selected when the instrument is shipped from
the factory.  
SYSTem:LOCal
Place the instrument in the local mode for RS-232 operation. All keys on
the front panel are fully functional while in the local mode.
SYSTem:REMote
Place the instrument in the remote mode for RS-232 operation. All keys
on the front panel, except  , are disabled while in the remote mode.
SYSTem:RWLock
Place the instrument in the remote mode for RS-232 operation.
This command is the same as the SYSTem:REMote command except
that all keys on the front panel are disabled, including the  key. 
<Ctrl-C>
Clear the operation in progress over the RS-232 interface and
discard any pending output data. This is equivalent to the IEEE-488
Device Clear action over the GPIB interface.
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RS-232 Interface Configuration
See also “Remote Interface Configuration” in chapter 4 on page 150.
This section contains information to help you use the instrument over
the RS-232 interface. The programming commands for RS-232 are listed
on page 269.
RS-232 Configuration Overview
Configure the RS-232 interface using the parameters shown below.
Use the front-panel Interface menu to select the baud rate, parity,
number of data bits, and flow control mode (see page 152 for more
information). 
• Baud Rate: 1200, 2400, 4800, 9600, 19200, 38400, 
57600 (factory setting), 115200
• Parity and Data Bits: None / 8 data bits (factory setting)
         Even / 7 data bits
          Odd / 7 data bits
• Flow Control:  None (no flow control)
             XON/XOFF (factory setting)
 DTR/DSR 
                                       RTS/CTS
 Modem 
• Number of Start Bits:  1 bit  (fixed)
• Number of Stop Bits:   1 bit  (fixed)
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RS-232 Flow Control Modes
You can select one of several flow control methods to coordinate the
transfer of data between the instrument and your computer or modem. 
• None: In this mode, data is sent and received over the interface
without any flow control used. When using this method, use a slower
baud rate (< 9600 baud) and avoid sending more than 128 characters
without stopping or reading a response. 
• XON/XOFF: This mode uses special characters embedded in the
data stream to control the flow. If the instrument is addressed to
send data, it continues sending data until the “XOFF” character (13H)
is received. When the “XON” character (11H) is received, the instrument
resumes sending data.
• DTR/DSR: In this mode, the instrument monitors the state of the
DSR (data set ready) line on the RS-232 connector. When the line
goes true, the instrument sends data over the interface. When the line
goes false, the instrument stops sending information (typically within
six characters). The instrument sets the DTR line false when the
input buffer is almost full (approximately 100 characters) and
releases the line when space is available again.
• RTS/CTS: This mode operates the same as the DTR/DSR mode but
uses the RTS (request to send) and CTS (clear to send) lines on the
RS-232 connector instead. When the CTS line goes true, the instrument
sends data over the interface. When the line goes false, the instrument
stops sending information (typically within six characters).
The instrument sets the RTS line false when the input buffer is
almost full (approximately 100 characters) and releases the line when
space is available again.
• Modem: This mode uses the DTR/DSR and RTS/CTS lines to control
the flow of data between the instrument and a modem. When the
RS-232 interface is selected, the instrument sets the DTR line true.
The DSR line is set true when the modem is on-line. The instrument
sets the RTS line true when it is ready to receive data. The modem
sets the CTS line true when it is ready to accept data. The instrument
sets the RTS line false when the input buffer is almost full
(approximately 100 characters) and releases the line when space is
available again.
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RS-232 Data Frame Format
A character frame consists of all the transmitted bits that make up a
single character. The frame is defined as the bits from the start bit to the
last stop bit, inclusively. Within the frame, you can select the baud rate,
number of data bits, and parity type. The instrument uses the following
frame formats for seven and eight data bits.
                
Connection to a Computer or Terminal 
To connect the instrument to a computer or terminal, you must have
the proper interface cable. Most computers and terminals are DTE
(Data Terminal Equipment) devices. Since the instrument is also a DTE
device, you must use a DTE-to-DTE interface cable. These cables are
also called null-modem, modem-eliminator, or crossover cables.
The interface cable must also have the proper connector on each end
and the internal wiring must be correct. Connectors typically have
9 pins (DB-9 connector) or 25 pins (DB-25 connector) with a “male”
or “female” pin configuration. A male connector has pins inside the
connector shell and a female connector has holes inside the connector shell.
If you cannot find the correct cable for your configuration, you may have
to use a wiring adapter. If you are using a DTE-to-DTE cable, make sure
the adapter is a “straight-through” type. Typical adapters include
gender changers, null-modem adapters, and DB-9 to DB-25 adapters.
Stop
Bit
Stop
Bit
Parity
Bit
Start
Bit
7 Data Bits
8 Data Bits
Start
Bit
Parity:
EVEN, ODD
Parity: 
NONE
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If your computer has a 9-pin serial port with a male connector, use the
cable included with the instrument (if you ordered the internal DMM).
If you need an additional cable, order the RS232-61601 cable which is
part of the 34398A Cable Kit. This cable has a 9-pin female connector on
each end. 
The cable pin diagram is shown below (this is the pinout for the cable
shipped with the 34970A). For proper operation, you must use an RS-232
cable with the same pinout as shown below.
RS-232 Troubleshooting
Here are a few things to check if you are having problems communicating
over the RS-232 interface. If you need additional help, refer to the
documentation that came with your computer.
• Verify that the instrument and your computer are configured for the
same baud rate, parity, and number of data bits. Make sure that your
computer is set up for 1 start bit and 1 stop bit (these values are fixed on
the instrument). 
• Verify that you have connected the correct interface cable and
adapters. Even if the cable has the proper connectors for your system,
the internal wiring may not be correct. You can use the 34398A Cable
Kit to connect the instrument to most computers or terminals.
• Verify that you have connected the interface cable to the correct
serial port on your computer (COM1, COM2, etc.).  
RS-232 Cable
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Open Air Sense Resistor 
 
 
 
 
  Unidades por Lote = 5  
  
    código RS precio unitario  
 OAR1 Series  5-70  75-245  250+  
 R005  366-8586 1,02 €  0,83 €  0,71 €  
 R010  366-8592 1,02 €  0,83 €  0,71 €  
 R020  366-8609 1,02 €  0,83 €  0,71 €  
 R025  366-8621 1,02 €  0,83 €  0,71 €  
 R030  366-8637 1,02 €  0,83 €  0,71 €  
 R050  366-8659 1,02 €  0,83 €  0,71 €  
 
 
 
 
 
OAR Series 
• Very low ohmic value 
• Inductance less than 10nH 
• Flameproof 
• Welded construction 
Application: Current sensing, feedback, surge and pulse 
 
Características técnicas 
  
Power Rating (085°C): OAR1 1W  
   OAR3 3W  
   OAR5 5W  
Resistance tolerance     ±1%  
Resistance Wire TCR     20ppm/°C  
 
 
‘Accu-Curve’ thermistors
are small, high quality, low
cost, epoxy encapsulated,
precision curve matched
devices. They offer true
interchangeability over
wide temperature ranges
and eliminate the need for
individual circuit adjust-
ments or padding. These
thermistors provide a high-
ly accurate and stable tem-
perature sensing capability
for applications such as
temperature measurement
or compensation. Accu-
Curve thermistors can be mounted in a variety of probes and assemblies.
±0.2°C Interchangeable Thermistors
‘ACCU-Curve’ Series 
Precision Temperature Sensing to ±0.2°C
TEMP. ACC-001 ACC-002 ACC-003 ACC-004 ACW-005 ACW-006 ACW-007
(°C) 2,252W 3,000W 5,000W 10,000W 30,000W 50,000W 100,000W
@25°C @25°C @25°C @25°C @25°C @25°C @25°C
–30 39,860 53,100 88,500 177,000 619,200 1,032,000 2,064,000
–20 21,860 29,121 48,535 97,070 331,030 551,720 1,103,400
–10 12,460 16,599 27,665 55,330 183,560 305,940 611,870
0 7,352.8 9,795.0 16,325 32,650 105,310 175,510 351,020
10 4,481.5 5,970.0 9,950.0 19,900 62,354 103,920 207,850
20 2,812.8 3,747.0 6,245.0 12,490 38,022 63,370 126,740
25 2,252.0 3,000.0 5,000.0 10,000.0 30,000.0 50,000 100,000
30 1,814.4 2,417.1 4,028.5 8,057.0 23,827 39,711 79,422
40 1,199.6 1,598.1 2,663.3 5,327.0 15,314 25,524 51,048
50 811.40 1,080.9 1,801.5 3,603.0 10,077 16,795 33,591
60 560.30 746.40 1,244.0 2,488.0 6,777.1 11,295 22,590
70 394.55 525.60 876.00 1,752.0 4,650.5 7,750.9 15,502
80 282.63 376.50 627.50 1,255.0 3,251.2 5,418.7 10,837
90 206.13 274.59 457.65 915.30 2,312.3 3,853.9 7,707.7
100 152.75 203.46 339.15 678.30 1,670.8 2,784.6 5,569.3
110 114.92 153.09 255.15 510.30 1,224.9 2,041.5 4,082.9
120 87.671 116.79 194.65 389.30 909.99 1,516.7 3,033.3
130 67.770 90.279 150.47 300.93 684.31 1,140.5 2,281.0
140 52.983 70.581 117.64 235.27 520.30 867.16 1,734.3
150 41.881 55.791 92.985 185.97 399.56 665.94 1,331.9
Resistance (W)
Temperature tolerance (0-70°C) ± 0.2°C
Temperature range -40°C to 150°C
Dissipation Contstant 1mW/°C
Time Constant 10 Seconds
Specifications:
Rhopoint Components Ltd
Tel:  +44 (0) 870 608 1188       Fax:  +44 (0) 870 241 2255
Germany: +49 (0) 692 199 8606      Fax: +49 (0) 692 199 8595    
Email: sales@rhopointcomponents.com        Website:  www.rhopointcomponents.com
